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EXECUTIVE  SUMMARY 


This  report  summarizes  the  field  activities  conducted  at  Kelly  Air  Force  Base  (AFB)  for  a 
short-term  field  pilot  test  to  compare  vacuum-enhanced  free-product  recovery  (bioslurping)  to 
traditional  free-product  recovery  techniques  used  to  remove  light,  nonaqueous-phase  liquid  (LNAPL) 
from  subsurface  soils  and  aquifers.  The  field  testing  at  Kelly  AFB  is  part  of  the  Bioslurper  Initiative, 
which  is  funded  and  managed  by  the  U.S.  Air  Force  Center  for  Environmental  Excellence  (AFCEE) 
Technology  Transfer  Division.  The  AFCEE  Bioslurper  initiative  is  a  multisite  program  designed  to 
evaluate  the  efficacy  of  the  bioslurping  technology  for  (1)  recovery  of  LNAPL  from  groundwater  and 
the  capillary  fringe,  and  (2)  enhancing  natural  in  situ  degradation  of  petroleum  contaminants  in  the 
vadose  zone  via  bioventing. 

The  main  objective  of  the  Bioslurper  Initiative  is  to  develop  procedures  for  evaluating  the 
potential  for  recovering  free-phase  LNAPL  present  at  petroleum-contaminated  sites.  The  overall 
study  is  designed  to  evaluate  bioslurping  and  identify  site  parameters  that  are  reliable  predictors  of 
bioslurping  performance.  To  measure  LNAPL  recovery  in  a  wide  variety  of  in  situ  conditions,  tests 
are  being  performed  at  many  sites.  The  test  at  Kelly  AFB  is  one  of  more  than  40  similar  field  tests 
to  be  conducted  at  various  locations  throughout  the  United  States  and  its  possessions. 

The  intent  of  field  testing  is  to  collect  data  to  support  determination  of  the  predictability  of 
LNAPL  recovery  and  to  evaluate  the  applicability,  cost,  and  performance  of  the  bioslurping 
technology  for  removal  of  free  product  and  remediation  of  the  contaminated  area.  The  on-site  testing 
is  structured  to  allow  direct  comparison  of  the  LNAPL  recovery  achieved  by  bioslurping  with  the 
performance  of  more  conventional  LNAPL  recovery  technologies.  The  test  method  included  an  initial 
site  characterization  followed  by  LNAPL  recovery  testing.  The  three  LNAPL  recovery  technologies 
tested  at  Kelly  AFB  were  skimmer  pumping  and  bioslurping. 

Bioslurper  pilot  test  activities  were  conducted  at  two  monitoring  wells:  MW- 11  and  MW-9. 
Site  characterization  activities  were  conducted  to  evaluate  site  variables  that  could  affect  LNAPL 
recovery  efficiency  and  to  determine  the  bioventing  potential  of  the  site.  Testing  included  baildown 
testing  to  evaluate  the  mobility  of  LNAPL,  soil  gas  permeability  testing  to  determine  the  radius  of 
influence,  and  in  situ  respiration  testing  to  evaluate  site  microbial  activity. 

Following  the  site  characterization  activities,  the  pump  tests  were  conducted.  At  monitoring 
well  MW-11,  pilot  tests  for  skimmer  pumping  and  bioslurping  were  conducted.  The  LNAPL 
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recovery  testing  was  conducted  in  the  following  sequence:  40.9  hr  in  the  skimmer  configuration, 

117.5  hr  in  the  bioslurper  configuration,  and  an  additional  22  hr  in  the  skimmer  configuration. 

At  monitoring  well  MW-9,  pilot  tests  for  bioslurping  were  conducted.  The  LNAPL  recovery 
testing  was  conducted  for  23.9  hr  in  the  bioslurper  configuration. 

Measurements  of  extracted  soil  gas  composition,  LNAPL  thickness,  and  groundwater  level 
were  taken  throughout  the  testing.  The  volume  of  LNAPL  recovered  and  groundwater  extracted  were 
quantified  over  time. 

Baildown  recovery  tests  were  conducted  at  three  monitoring  wells:  MW-8,  MW-9,  and  MW- 
11.  Baildown  recovery  tests  provide  a  qualitative  indication  of  the  presence  of  mobile,  free-phase 
LNAPL  and  recovery  potential.  Overall  the  baildown  recovery  tests  indicated  a  relatively  rapid  rate 
of  LNAPL  recovery  into  the  wells.  Short-term  baildown  recovery  resulted  in  LNAPL  thicknesses 
greater  than  or  equal  to  the  initial  apparent  thicknesses  at  monitoring  wells  MW-9  and  MW-11. 

Based  on  these  results,  pilot  testing  was  initiated  on  monitoring  well  MW-11,  with  a  short-term 
bioslurper  pump  test  also  conducted  at  monitoring  well  MW-9. 

Skimmer  pump  testing  was  conducted  at  monitoring  well  MW-11  in  a  continuous  extraction 
mode  for  40.9  hours.  Small  quantities  of  free-phase  LNAPL  were  recovered  during  the  two  days  of 
skimmer  pump  testing,  indicating  that  gravity-driven  recovery  is  minimal.  Bioslurper  testing  was 
conducted  for  five  days  with  significantly  greater  recoveries  than  during  skimmer  pumping.  The 
recovery  rate  during  the  bioslurper  pump  test  was  38  gallons/day  during  the  first  day  and  dropped  to 
26  gallons/day  by  day  3;  however,  the  recovery  rate  increased  to  39  gallons/day  by  day  5.  Vacuum 
levels  in  the  well  were  relatively  low  at  22"H20.  The  second  skimmer  pump  test  resulted  in 
significantly  greater  LNAPL  recoveries  than  observed  during  the  first  skimmer  pump  test,  with  an 
average  LNAPL  recovery  rate  of  21  gallons/day.  These  results  indicate  that  the  vacuum-enhanced 
bioslurper  mode  may  have  increased  the  LNAPL  mobility,  resulting  in  better  recovery  during 
skimmer  pumping. 

Groundwater  production  was  relatively  high  during  skimmer  pumping  and  bioslurping,  with  a 
total  of  27,000  gallons  of  groundwater  produced.  After  the  groundwater  flowed  though  a  filter  tank 
and  oil/water  separator,  the  groundwater  was  pumped  into  an  industrial  waste  line  connected  to  the 
Base  Industrial  Wastewater  Treatment  Plant.  Contaminant  concentrations  (3.5  mg  TPH/L)  were 
compatible  with  typical  discharge  guidelines. 

In  an  effort  to  determine  if  the  results  at  monitoring  well  MW-11  were  representative  of  site 
conditions,  bioslurper  testing  was  conducted  at  monitoring  well  MW-9.  Similar  quantities  of  free- 
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phase  LNAPL  were  recovered  during  this  bioslurper  pump  test,  with  49  gallons/day  recovered.  The 
wellhead  vacuum  on  monitoring  well  MW-9  (5"H20)  and  groundwater  production  rate  (5,300 
gallons/day)  were  similar  to  those  observed  at  monitoring  well  MW-11.  Results  at  monitoring  wells 
MW- 11  and  MW-9  appear  to  be  representative  of  the  site  and  indicate  that  vacuum-enhanced  liquid 
recovery  techniques  are  feasible. 

Bioslurping  also  promotes  mass  removal  in  the  form  of  in  situ  biodegradation  via  bioventing 
and  soil-gas  extraction.  Vapor  phase  mass  removal  is  the  result  of  soil-gas  extraction  as  well  as 
volatilization  that  occurs  during  the  movement  of  LNAPL  free  product  through  the  extraction 
network.  Given  the  measured  vapor  flowrate  (76  scfm)  and  vapor  concentrations,  initial  hydrocarbon 
removal  rates  were  approximately  960  lb/day  of  TPH.  Benzene  concentrations  were  below  detection 
limits.  Thus,  initially,  mass  removal  in  the  vapor  phase  is  significant.  However,  this  short-term  test 
does  not  provide  a  good  indication  as  to  whether  these  rates  would  be  sustained.  Higher  vapor  mass 
removal  rates  are  more  often  sustained  at  those  sites  where  liquid  product  recovery  is  sustained. 

The  internal  combustion  engine  (ICE)  used  at  the  site  was  capable  of  reducing  TPH  emissions 
by  91  % .  After  ICE  treatment,  the  TPH  emissions  rate  was  reduced  to  approximately  86  lb/day.  No 
benzene  was  detected  in  the  emissions. 

The  initial  soil-gas  profiles  at  the  site  displayed  high  total  volatile  hydrocarbon  vapor 
conditions  across  the  5.5-  to  14-ft  below  ground  surface  horizons;  however,  oxygen  concentrations 
were  not  significantly  reduced  except  at  one  monitoring  point  (1  %  oxygen  at  MPB-13.5").  Oxygen 
concentrations  at  other  monitoring  points  ranged  from  10%  to  20%.  Soil-gas  concentrations  were 
measured  during  the  bioslurper  test  at  monitoring  points  adjacent  to  monitoring  well  MW-11  to 
determine  if  the  vadose  zone  was  being  oxygenated  via  the  bioslurper  action.  Oxygen  concentrations 
were  influenced  at  all  monitoring  points;  however,  oxygen  concentrations  dropped  in  all  cases,  so  that 
by  the  end  of  the  bioslurper  pump  tests,  oxygen  concentrations  ranged  from  1  %  to  8% .  These  results 
indicate  that  the  initial  concentrations  measured  at  the  monitoring  points  may  have  been  high  due  to 
oxygen  diffusion  into  the  soils  during  monitoring  point  installation.  Once  bioslurping  was  initiated, 
oxygen-deficient  soil  gas  was  pulled  past  these  monitoring  points,  creating  the  drop  in  oxygen 
concentrations.  Based  on  the  soil-gas  permeability  test,  where  pressure  changes  were  detected  up  to 
30  ft  from  the  bioslurper  well,  it  is  likely  that  these  areas  will  become  fully  aerated.  In  short,  a  five 
day  extraction  time  frame  at  76  scfm  is  insufficient  to  exchange  sufficient  pore  volumes  of  soil  gas  to 
fully  oxygenate  the  zone  of  influence. 
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In  situ  biodegradation  rates  of  14  to  20  mg/kg-day  were  measured  at  three  different  locations. 
Based  on  a  radius  of  influence  of  28  ft  and  a  hydrocarbon-impacted  soil  thickness  of  16  ft,  mass 
removal  rates  via  biodegradation  are  on  the  order  of  48  to  69  lbs  of  hydrocarbon  per  day.  Thus, 
mass  removal  rates  via  biodegradation  could  be  significant.  These  results  indicate  that  bioventing  is 
feasible  at  this  site.  Air  injection  bioventing  is  preferable  over  bioslurping  and  soil  vapor  extraction 
with  respect  to  the  elimination  of  hydrocarbon  vapor  emissions. 

In  summary,  the  on-site  testing  at  Kelly  AFB  included  the  direct  testing  of  gravity-driven  and 
vacuum-driven  LNAPL  free  product  recovery  techniques,  bioventing,  physical  sampling,  and  tests 
relevant  to  soil  vapor  extraction.  LNAPL  recovery  was  most  significant  under  vacuum-enhanced 
conditions;  therefore,  bioslurping  is  recommended  at  this  site  provided  long-term  treatment  of 
groundwater  is  economically  feasible.  Vapor  phase  mass  removal  rates  measured  during  bioslurper 
testing  may  be  the  result  of  soil  gas  removal  (i.e.,  SVE)  or  volatilization  during  liquid  entrainment. 
The  generation  of  off-gas  is  undesirable  and  sustained  rates  of  off-gas  discharge  cannot  be  estimated 
accurately  from  this  test.  The  in  situ  respiration  test  and  vadose  zone  radius  of  influence  testing 
demonstrate  that  bioventing  is  feasible  at  this  site. 
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KELLY  AFB,  TEXAS 

21  May  1997 

1.0  INTRODUCTION 

This  report  describes  activities  performed  and  data  collected  during  field  tests  at  Kelly  Air 
Force  Base  (AFB),  Texas  to  compare  vacuum-enhanced  free-product  recovery  (bioslurping)  to 
traditional  free-product  recovery  technologies  for  removal  of  light,  nonaqueous-phase  liquid  (LNAPL) 
from  subsurface  soils  and  aquifers.  The  field  testing  at  Kelly  AFB  is  part  of  the  Bioslurper  Initiative, 
which  is  funded  and  managed  by  the  U.S.  Air  Force  Center  for  Environmental  Excellence  (AFCEE) 
Technology  Transfer  Division.  The  AFCEE  Bioslurper  Initiative  is  a  multisite  program  designed  to 
evaluate  the  efficacy  of  the  bioslurping  technology  for  (1)  recovery  of  LNAPL  from  groundwater  and 
the  capillary  fringe  and  (2)  enhancing  natural  in  situ  degradation  of  petroleum  contaminants  in  the 
vadose  zone  via  bioventing. 


1.1  Objectives 

The  main  objective  of  the  Bioslurper  Initiative  is  to  develop  procedures  for  evaluating  the 
potential  for  recovering  free-phase  LNAPL  present  at  petroleum-contaminated  sites.  The  overall 
study  is  designed  to  evaluate  bioslurping  and  identify  site  parameters  that  are  reliable  predictors  of 
bioslurping  performance.  To  measure  LNAPL  recovery  in  a  wide  variety  of  in  situ  conditions,  tests 
are  being  performed  at  many  sites.  The  test  at  Kelly  AFB  is  one  of  more  than  40  similar  field  tests 
to  be  conducted  at  various  locations  throughout  the  United  States  and  its  possessions.  Aspects  of  the 
testing  program  that  apply  to  all  sites  are  described  in  the  Test  Plan  and  Technical  Protocol  for 
Bioslurping  (Battelle,  1995).  Test  provisions  specific  to  activities  at  Kelly  AFB  are  described  in  the 
Site-Specific  Test  Plan  provided  in  Appendix  A. 

The  intent  of  field  testing  is  to  collect  data  to  support  determination  of  the  predictability  of 
LNAPL  recovery  and  to  evaluate  the  applicability,  cost,  and  performance  of  the  bioslurping 


technology  for  removal  of  free  product  and  remediation  of  the  contaminated  area.  The  on-site  testing 
is  structured  to  allow  direct  comparison  of  the  LNAPL  recovery  achieved  by  bioslurping  with  the 
performance  of  more  conventional  LNAPL  recovery  technologies.  The  test  method  included  an  initial 
site  characterization  followed  by  LNAPL  recovery  testing.  The  two  LNAPL  recovery  technologies 
tested  at  Kelly  AFB  were  skimmer  pumping  and  bioslurping.  The  specific  test  objectives,  methods, 
and  results  for  the  Kelly  AFB  test  program  are  discussed  in  the  following  sections. 

1.2  Testing  Approach 

Bioslurper  pilot  test  activities  were  conducted  at  two  monitoring  wells:  MW-11  and  MW-9. 
Site  characterization  activities  were  conducted  to  evaluate  site  variables  that  could  affect  LNAPL 
recovery  efficiency  and  to  determine  the  bioventing  potential  of  the  site.  Testing  included  baildown 
testing  to  evaluate  the  mobility  of  LNAPL,  soil  gas  permeability  testing  to  determine  the  radius  of 
influence,  and  in  situ  respiration  testing  to  evaluate  site  microbial  activity. 

Following  the  site  characterization  activities,  the  pump  tests  were  conducted.  At  monitoring 
well  MW-11,  pilot  tests  for  skimmer  pumping  and  bioslurping  were  conducted.  The  LNAPL 
recovery  testing  was  conducted  in  the  following  sequence:  40.9  hr  in  the  skimmer  configuration, 

117.5  hr  in  the  bioslurper  configuration,  and  an  additional  22  hr  in  the  skimmer  configuration. 

At  monitoring  well  MW-9,  pilot  tests  for  bioslurping  were  conducted.  The  LNAPL  recovery 
testing  was  conducted  for  23.9  hr  in  the  bioslurper  configuration. 

Measurements  of  extracted  soil  gas  composition,  LNAPL  thickness,  and  groundwater  level 
were  taken  throughout  the  testing.  The  volume  of  LNAPL  recovered  and  groundwater  extracted  were 
quantified  over  time. 


2.0  SITE  DESCRIPTION 

The  information  presented  in  the  Site  Description  portion  of  this  Test  Plan  was  obtained  from 
the  document  titled,  Draft  Technical  Memorandum  for  the  Quintana  Road  Project  Site  S-4  (Prepared 
for  the  U.S.  Air  Force  Installation  Program,  Kelly  Air  Force  Base,  San  Antonio,  Texas.  Submitted 
to  the  HAZWRAP  Support  Contractor  Office,  Oak  Ridge,  Tennessee.  General  Order  Number  188- 
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9738 1C,  Task  Y-03,  Volume  I  of  II  Text,  by  NUS,  1990).  This  document  is  referenced  as  NUS 
1990  in  this  Test  Plan  text. 

Site  S-4  is  located  at  the  southeastern  edge  of  Kelly  AFB  in  Zone  3  and  extends  off  base 
across  Berman  Road  to  the  UPR  yard  and  the  Quintana  Road  residential  area  (Figure  1).  Within  Site 
S-4  are  active  (F/367)  and  abandoned  (F/371)  UST  facilities  and  their  associated  subsurface  pipelines. 
Facility  F/371  was  constructed  in  1943  and  contained  5  USTs.  These  tanks  were  used  to  store  JP-4 
jet  fuel  but  were  taken  out  of  service  in  1984  and  eventually  abandoned  in  1986.  Approximately 
2,000  ft  of  underground  piping  was  removed  from  operation  in  1982  after  pressure  tests  indicated  that 
the  system  contained  extensive  leaks  (NUS  1990). 

Subsurface  contamination  at  Site  S-4  was  documented  during  storm  drain  excavations  along 
Quintana  Road  by  the  City  of  San  Antonio  in  1985  and  1988.  A  fuel-like  substance  was  observed 
floating  on  exposed  groundwater  in  trenches  excavated  to  a  depth  of  30  ft  below  ground  surface  (bgs). 
The  LNAPL  was  subsequently  identified  as  JP-4  jet  fuel,  based  on  analyses  conducted  by  the  Texas 
Water  Commission. 

Following  the  detection  of  subsurface  free  product,  Radian  Corporation  conducted  site  surveys 
under  the  Installation  Restoration  Program  (IRP)  and  subsequent  surveys  were  preformed  by  NUS 
Corporation  under  the  Hazardous  Waste  Remedial  Actions  Program  (HAZWRAP).  During  these 
activities,  site  geological  characteristics,  groundwater  movement,  and  extent  of  subsurface 
contamination  were  investigated. 


2.1  Site  Geology 

Soil  at  Site  S-4  was  found  to  be  heterogeneous  in  nature,  containing  nonuniform  layers  of 
sand,  gravel,  silt,  and  clays.  The  site  was  characterized  as  containing  alluvial  sediment  deposits  that 
reside  on  the  eroded  surface  of  the  underlying  Navarro  clay.  Caliche  also  was  identified,  occurring 
either  as  randomly  distributed  nodules  or  as  concentrated  layers  of  gravel-sized  nodules.  This 
complex  geological  formation  contributes  to  fluctuating  groundwater  depths,  variable  groundwater 
flow  patterns,  dry  soil  areas,  and  the  apparent  "pooling"  of  the  subsurface  LNAPL  contamination. 
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Figure  1.  Schematic  Diagram  Showing  Location  of  Site  S-4  at  Kelly  AFB 


2.2  Aquifer  Characteristics 


Groundwater  at  Site  S-4  occurs  at  depths  ranging  from  14  to  16  ft  bgs.  In  characterizing  the 
aquifer,  both  slug  and  pump  tests  have  been  performed  at  the  site.  Results  indicate  that  the  average 
hydraulic  conductivity  of  the  aquifer  is  1.87  x  10'2  cm/sec,  with  conductivities  ranging  from  1.32  x 
10'1  cm/sec  to  1.14  x  104  cm/sec  (NUS  1990).  The  average  transmissivity  across  the  pump  test  area 
was  calculated  to  be  158.2  ft2/day  (NUS  1990). 

The  Basewide  Hydrogeologic  Assessment  (BHA)  performed  by  NUS  in  1990  indicates  that  the 
groundwater  gradient  at  Site  S-4  generally  slopes  to  the  south-southwest.  Measurements  from  the  site 
surveys  confirm  this,  but  the  gradient  is  not  uniform.  At  the  center  of  Site  S-4,  the  gradient 
decreases  markedly  from  0.0042  ft/ft  north  of  Z307  to  0.0014  ft/ft  between  Z307  and  Z301  (NUS 
1990).  The  gradient  is  relatively  flat  in  the  north-south  direction  between  wells  Z337  and  UP05,  but 
it  steepens  again  south  of  Z317.  Also  noted  in  the  NUS  1990  report  was  the  identification  of  a  south- 
southwest  depression,  or  "channel,"  in  the  water  table  that  crosses  Site  S-4. 

An  elevated  occurrence  of  the  Navarro  clay  has  resulted  in  a  dry  area  at  Site  S-4.  This  area 
affects  the  groundwater  flow  by  diverting  it  from  a  southerly  flow  to  a  southwesterly  direction.  The 
groundwater  gradient  and  the  Navarro-related  dry  zone  have  been  noted  for  playing  a  critical  role  in 
shaping  the  resulting  JP-4  plume. 


2.3  Site  Contamination 

Benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX)  have  been  identified  in  the  capillary 
fringe  at  Site  S-4  at  concentrations  of  407  mg/kg  with  an  average  concentration  of  100  mg/kg.  In  the 
area  of  UST  F/371,  soil  gas  measurements  for  total  volatile  hydrocarbons  are  reported  as  high  as 
64,000  ppmv  with  total  BTEX  levels  of  543  ppmv. 

Within  the  JP-4  plume,  three  pools  of  free  product  have  been  identified.  These  pools  are 
centered  around  wells  S405,  Z301/Z302/Z303,  and  Z313/Z314.  During  manual  bailing,  well  Z302 
along  with  UP03  and  Z313,  consistently  produced  more  than  3  gallons  of  product  per  half  hour  of 
continuous  bailing.  The  field  test  of  the  bioslurper  technology  will  likely  intercept  one  of  these  3 
identified  pools  of  free  product  at  Site  S-4.  The  preferred  area  is  that  associated  with  wells 
Z301/Z302/Z303  at  the  UPR  yard  off  the  southeastern  edge  of  Kelly  AFB  (Figure  2). 
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Estimates  of  total  LNAPL  contamination  at  Site  S-4  have  also  been  made.  Based  upon 
measured  fuel  thickness  and  the  areal  extent  of  subsurface  contamination,  the  estimated  volume  of  JP- 
4  present  in  the  formation  across  the  plume  area  ranges  from  150,000  to  240,000  gallons  (SAALC, 
1994).  Only  a  portion  of  the  total  volume  will  be  impacted  during  the  bioslurper  test. 


3.0  FREE-PRODUCT  RECOVERY  PILOT  TEST  METHODS 

This  section  documents  the  initial  conditions  at  the  test  site  and  describes  the  test  equipment 
and  methods  used  for  the  short-term  pilot  test  at  Kelly  AFB.  Soil  samples  were  not  collected  because 
the  sampling  equipment  available  could  not  penetrate  to  the  capillary  fringe. 

3.1  Initial  LNAPL/Groundwater  Measurements  and  Baildown  Testing 

Monitoring  wells  MW-8,  MW-9,  and  MW-11  were  evaluated  for  use  in  the  bioslurper  pilot 
testing.  Initial  depths  to  LNAPL  and  to  groundwater  were  measured  using  an  oil/water  interface 
probe  (ORS  Model  #1068013).  LNAPL  was  removed  from  the  well  with  a  Teflon®  bailer  until  the 
LNAPL  thickness  could  no  longer  be  reduced.  A  total  of  2.825  L  (0.75  gallons),  6.7  L  (1.8  gallons), 
and  7.38  L  (1.9  gallons)  of  free-phase  LNAPL  was  removed  from  monitoring  wells  MW-8,  MW-9, 
and  MW-11,  respectively,  at  the  start  of  the  baildown  tests.  The  rate  of  increase  in  the  thickness  of 
the  floating  LNAPL  layer  was  monitored  using  the  oil/water  interface  probe  for  approximately  16  hr 
at  each  monitoring  well. 


3.2  Well  Construction  Details 

Short-term  pump  tests  were  conducted  at  monitoring  wells  MW-11  and  MW-9.  Precise 
construction  details  for  these  monitoring  wells  has  not  yet  been  received  from  the  Base.  A  schematic 
diagram  illustrating  general  well  construction  details  for  monitoring  well  MW-11  is  provided  in 
Figure  3. 
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Figure  3.  Schematic  Diagram  Showing  Construction  Details  of  Monitoring  Well  MW-11  and  Soil  Gas  Monitoring  Points 


3.3  Soil  Gas  Monitoring  Point  Installation 


Three  monitoring  points  were  installed  and  labeled  MPA,  MPB,  and  MPC.  The  locations  and 
general  constructions  details  of  the  monitoring  points  are  illustrated  in  Figure  3. 

Monitoring  points  consisted  of  14 -inch  tubing,  with  1-inch-diameter,  6-inch-long  screened 
areas.  The  annular  space  corresponding  to  the  screened  length  was  filled  with  silica  sand.  The 
interval  from  the  top  of  the  screened  length  to  the  bottom  of  the  next  screened  length,  as  well  as  the 
interval  from  the  ground  surface  to  the  top  of  the  first  screened  length,  was  filled  with  bentonite  clay 
chips.  After  placement,  the  bentonite  clay  was  hydrated  with  water  to  expand  the  chips  and  provide  a 
seal.  At  monitoring  point  MPA,  the  ends  of  the  screened  lengths  were  positioned  at  depths  of  5.5, 
9.0,  and  12.5  ft  bgl.  At  monitoring  point  MPB,  the  ends  of  the  screened  lengths  were  positioned  at 
depths  of  6.0,  10,  and  13.5  ft  bgl.  At  monitoring  point  MPC,  the  screened  lengths  were  positioned  at 
depths  of  6.0,  10,  and  14  ft  bgl. 

After  installation  of  the  monitoring  points,  initial  soil  gas  measurements  were  taken  with  a 
GasTech  portable  02/C02  meter  and  a  GasTech  TraceTechtor  portable  hydrocarbon  meter.  Oxygen 
concentrations  were  relatively  high  at  all  monitoring  points,  although  TPH  concentrations  also  were 
high  (Table  1),  indicating  that  microbial  activity  may  be  fairly  low  or  that  oxygen  levels  could  be 
elevated  from  installation  activities.  Results  from  the  in  situ  respiration  test  will  provide  more 
information  concerning  microbial  activity. 

3.4  LNAPL  Recovery  Testing 

3.4.1  System  Setup  t  n  ^  li 

ti  <*-  ^ 

The  bioslurping  pilot  test^ystem  is  a  trailer-mounted  mobile  unit.  The  vacuum  pump 
(Atlantic  Fluidics  Model  A100,  10-hp  liquid  ring  pump),  filter  box,  oil/water  separator,  and  required 
support  equipment  were  carried  to  the  test  location  on  a  trailer.  The  trailer  was  located  near  the 
monitoring  well,  the  well  cap  was  removed,  a  well  seal  was  placed  on  the  top  of  the  well,  and  the 
drop  tube  was  lowered  into  the  well.  The  drop  tube  was  attached  to  the  vacuum  pump.  Different 
configurations  of  the  well  seal  and  the  placement  depth  of  the  drop  tube  allow  for  simulation  of 
skimmer  pumping,  operation  in  the  bioslurping  configuration,  or  simulation  of  drawdown  pumping. 
Extracted  soil  gas  was  treated  through  an  internal  combustion  engine  (ICE).  Data  from  the  ICE  is 
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Table  1.  Initial  Soil-Gas  Compositions 


Monitoring  Point 

Depth  (ft) 

Oxygen  (%) 

Carbon  Dioxide  (%) 

TPH  (ppmv) 

MPA 

5.5 

20.0 

0.25 

4,200 

9.0 

19.5 

0.25 

9,200 

12.5 

11.0 

7.0 

>20,000 

MPB 

6.0 

NM 

NM 

NM 

10 

16.0 

0.5 

>20,000 

13.5 

1.0 

1.0 

>20,000 

MPC 

6.0 

15.0 

0.5 

>20,000 

10 

16.0 

0.5 

>20,000 

14 

10.0 

1.0 

>20,000 

provided  in  Appendix  B.  Extracted  groundwater  was  treated  by  passing  the  recovered  fluid  through 
the  filter  box,  the  oil/water  separator,  and  a  325-gallon  settling  tank.  The  treated  groundwater  was 
then  discharged  to  the  Base  Industrial  Wastewater  Treatment  Plant. 

A  brief  system  startup  test  was  performed  prior  to  LNAPL  recovery  testing  to  ensure  that  all 
system  components  were  working  properly.  The  system  checklist  is  provided  in  Appendix  C.  All 
site  data  and  field  testing  information  were  recorded  in  a  field  notebook  and  then  transcribed  onto 
pilot  test  data  sheets  provided  in  Appendix  D. 

3.4.2  Skimmer  Pump  Test 

Prior  to  test  initiation,  depths  to  LNAPL  and  groundwater  were  measured.  The  liquid  ring 
pump  was  used  to  conduct  the  skimmer  pump  test  with  the  wellhead  open  to  the  atmosphere  (Figure 
4).  The  drop  tube  was  held  in  position  at  16.6  ft  below  the  top  of  the  well  casing.  The  pump  was 
started  1430,  11  November  1996,  to  begin  the  skimmer  pump  test.  The  test  was  operated  for  a  total 
of  40.9  hr.  The  pump  vacuum  was  approximately  22"Hg  and  the  vapor  flowrate  from  the  well  was 
approximately  100  scffn.  The  LNAPL  and  groundwater  extraction  rates  were  monitored  throughout 
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Figure  4.  Drop  Tube  Placement  and  Valve  Position  for  the  Skimmer  Pump  Test 
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the  test,  as  were  all  other  relevant  data  for  the  skimmer  pump  test.  Test  data  sheets  are  provided  in 
Appendix  D. 

3.4.3  Bioslurper  Pump  Test 

3.4.3. 1  Monitoring  Well  MW- 11 

Upon  completion  of  the  skimmer  pump  test,  preparations  were  made  to  begin  the  bioslurper 
pump  test  at  monitoring  well  MW-11.  The  LNAPL  and  groundwater  depth  were  measured  prior  to 
any  recovery  testing.  The  slurper  tube  was  set  at  the  LNAPL/groundwater  interface  at  a  depth  of 
approximately  15.7  ft  bgl.  The  sanitary  well  seal  was  positioned  inside  the  well,  sealing  the  wellhead 
and  allowing  the  pump  to  establish  a  vacuum  in  the  well  (Figure  5).  A  pressure  gauge  was  installed 
at  the  wellhead  to  measure  the  vacuum  inside  the  extraction  well.  The  liquid  ring  pump  was  started 
at  1119,  14  November  1996,  to  begin  the  bioslurper  pump  test.  The  test  was  initiated  approximately 
4  hr  after  the  skimmer  pump  test  and  was  operated  for  117.5  hr.  The  pump  vacuum  was 
approximately  26"Hg,  the  vapor  flowrate  from  the  well  was  approximately  72  scfm,  and  the  well 
vacuum  was  approximately  19"H20,  and  the  drop  tube  vacuum  was  approximately  19"Hg.  The 
LNAPL  and  groundwater  extraction  rates  were  monitored  throughout  the  test,  as  were  all  other 
relevant  data  for  the  bioslurper  pump  test.  The  data  sheets  are  provided  in  Appendix  D. 

An  LNAPL  sample  was  collected  at  1300,  17  November  1997,  from  the  oil/water  separator 
during  the  bioslurper  pump  test  and  was  labeled  K-LNAPL-1.  The  sample  was  sent  to  Alpha 
Analytical,  Inc.,  in  Sparks,  Nevada  for  analysis  of  BTEX. 

3.4.3.2  Monitoring  Well  MW-9 

Upon  completion  of  the  bioslurper  pump  test  at  monitoring  well  MW-11,  preparations  were 
made  to  begin  the  bioslurper  pump  test  at  monitoring  well  MW-9.  The  LNAPL  and  groundwater 
depth  were  measured  prior  to  any  recovery  testing.  The  drop  tube  was  set  at  the 
LNAPL/groundwater  interface  at  a  depth  of  17.8  ft  below  top  of  well  casing.  The  sanitary  well  seal 
was  positioned  inside  the  well,  sealing  the  wellhead  and  allowing  the  pump  to  establish  a  vacuum  in 
the  well.  A  pressure  gauge  was  installed  at  the  wellhead  to  measure  the  vacuum  inside  the  extraction 
well.  The  liquid  ring  pump  was  started  at  1308,  19  November  1996,  to  begin  the  bioslurper  pump 
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Figure  5.  Drop  Tube  Placement  and  Valve  Position  for  the  Bioslurper  Pump  Test 
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test.  The  test  was  initiated  approximately  3  hr  after  the  MW- 11  bioslurper  pump  test  and  was 
operated  for  23.9  hr.  The  pump  vacuum  was  approximately  25.5"Hg,  the  vapor  flowrate  was 
approximately  82  scfxn,  the  well  vacuum  was  approximately  5"H20,  and  the  drop  tube  vacuum  was 
approximately  19"Hg.  The  LNAPL  and  groundwater  extraction  rates  were  monitored  throughout  the 
test,  as  were  all  other  relevant  data  for  the  bioslurper  pump  test.  The  data  sheets  are  provided  in 
Appendix  D. 

3.4.4  Second  Skimmer  Pump  Test 

Upon  completion  of  the  bioslurper  pump  test  at  monitoring  well  MW-9,  preparations  were 
made  to  begin  the  second  skimmer  pump  test  at  monitoring  well  MW-11.  Prior  to  test  initiation, 
depths  to  LNAPL  and  groundwater  were  measured.  The  liquid  ring  pump  was  used  to  conduct  the 
skimmer  pump  test  with  the  wellhead  open  to  the  atmosphere.  The  drop  tube  was  held  in  position  at 

16.5  ft  below  the  top  of  the  well  casing.  The  pump  was  started  1445,  20  November  1996,  to  begin 
the  second  skimmer  pump  test.  The  test  was  operated  for  a  total  of  22  hr.  The  pump  vacuum  was 
approximately  25.5"Hg  and  the  vapor  flowrate  from  the  well  was  approximately  83  scfm.  The 
LNAPL  and  groundwater  extraction  rates  were  monitored  throughout  the  test,  as  were  all  other 
relevant  data  for  the  skimmer  pump  test.  Test  data  sheets  are  provided  in  Appendix  D. 

3.4.5  Off-Gas  Sampling  and  Analysis 

Five  off-gas  samples  were  collected  during  the  bioslurper  pump  test  at  monitoring  well  MW- 
11.  Samples  KLRPV-1  and  KLRPV-2  were  collected  from  the  seal  tank  headspace  after 
approximately  71.5  and  102  hr  of  operation,  respectively.  Samples  KICEV-1  and  KICEV-2  were 
collected  from  the  ICE  off-gas  after  approximately  72  and  102  hr  of  operation,  respectively.  Sample 
KICEV-SP-1  was  collected  from  the  ICE  sampling  port  after  approximately  102  hr  of  operation.  The 
samples  were  collected  in  Summa®  canisters  and  sent  under  chain  of  custody  to  Air  Toxics,  Ltd.,  in 
Folsom,  California,  for  analyses  of  TPH  and  volatile  organic  compounds  (VOCs),  using  EPA  Method 
TO- 14.  Analytical  reports  are  provided  in  Appendix  E. 
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3.4.6  Groundwater  Sampling  and  Analysis 


One  groundwater  sample  was  collected  during  the  bioslurper  pump  test  at  monitoring  well 
MW- 11  and  was  labeled  K-W-l.  The  sample  was  collected  from  the  outlet  to  the  industrial  treatment 
plant  after  76.5  hr  of  operation.  The  sample  was  collected  in  a  40-mL  VOA  vial  containing 
hydrochloric  acid  (HC1)  preservative.  The  sample  was  checked  to  ensure  no  headspace  was  present 
and  was  then  shipped  on  ice  and  sent  under  chain  of  custody  to  Alpha  Analytical,  Inc.,  in  Sparks, 
Nevada  for  analyses  of  BTEX  and  TPH  (purgeable).  Analytical  reports  are  provided  in  Appendix  E. 

3.5  Bioventing  Analyses 


3.5.1  Soil  Gas  Permeability  Testing 

The  soil  gas  permeability  test  data  were  collected  during  the  bioslurper  pump  test  at 
monitoring  well  MW-11.  Before  a  vacuum  was  established  in  the  extraction  well,  the  initial  soil  gas 
pressures  at  the  three  installed  monitoring  points  were  recorded.  The  start  of  the  bioslurper  pump  test 
created  a  steep  pressure  drop  in  the  extraction  well  which  was  the  starting  point  for  the  soil  gas 
permeability  testing.  Soil  gas  pressures  were  measured  at  each  of  the  three  monitoring  points  at  all 
depths  to  track  the  rate  of  outward  propagation  of  the  pressure  drop  in  the  extraction  well.  Soil  gas 
pressure  data  were  collected  frequently  during  the  first  20  minutes  of  the  test.  The  soil  gas  pressures 
were  recorded  throughout  the  bioslurper  pump  test  to  determine  the  bioventing  radius  of  influence. 
Test  data  are  provided  in  Appendix  F. 

3.5.2  In  Situ  Respiration  Testing 

Air  was  injected  into  three  monitoring  points  for  approximately  24  hr  beginning  on  20 
November  1996.  Helium  was  not  used  due  to  a  malfunction  with  equipment.  The  setup  for  the  in 
situ  respiration  test  is  described  in  the  Test  Plan  and  Technical  Protocol  a  Field  Treatability  Test  for 
Bioventing  (Hinchee  et  al.,  1992).  A  '/2-hp  diaphragm  pump  was  used  for  air  injection.  Air  was 
injected  through  monitoring  points  MPA-12.5,  MPB-13.5,  and  MPC-14.0.  After  the  air/helium 
injection  was  terminated,  soil  gas  concentrations  of  oxygen,  carbon  dioxide,  and  TPH  were  monitored 
periodically.  The  in  situ  respiration  test  was  terminated  on  22  November  1996.  Oxygen  utilization 
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and  biodegradation  rates  were  calculated  as  described  in  Hinchee  et  al.  (1992).  Raw  data  for  these 
tests  are  presented  in  Appendix  G. 


4.0  FREE-PRODUCT  RECOVERY  PILOT  TEST  RESULTS 

This  section  documents  the  results  of  the  site  characterization,  the  comparative  LNAPL 
recovery  pump  test,  and  other  supporting  tests  conducted  at  Kelly  AFB. 

4.1  Baildown  Test  Results 

Results  from  the  baildown  tests  are  presented  in  Tables  2  through  4.  Baildown  recovery  tests 
provide  a  qualitative  indication  of  the  presence  of  mobile,  free-phase  LNAPL  and  recovery  potential. 
Overall,  the  baildown  recovery  tests  indicated  a  relatively  rapid  rate  of  LNAPL  recovery  into  the 
wells,  with  monitoring  wells  MW-9  and  MW-11  recovering  to  initial  levels  by  the  end  of  the  16-hr 
baildown  tests.  Based  on  these  results,  pilot  testing  was  initiated  on  monitoring  wells  MW-11  and 
MW-9. 


4.2  LNAPL  Pump  Test  Results 
4.2.1  Initial  Skimmer  Pump  Test  Results 

Only  small  quantities  of  free-phase  LNAPL  were  recovered  during  the  two  days  of  skimmer 
pump  testing,  with  no  measurable  LNAPL  recovered  on  day  1  and  8.9  gallons/day  on  day  2  (Figure 
6).  A  total  of  6.3  gallons  of  LNAPL  was  recovered  (Table  5).  Due  to  the  low  volume  recovered, 
the  LNAPL  could  not  be  quantified  until  the  final  day  of  testing.  Large  volumes  of  groundwater 
were  produced,  averaging  1,500  gallons/day.  There  results  indicate  that  gravity-driven  recovery  is 
minimal. 
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Table  2.  Results  of  Baildown  Testing  in  Monitoring  Well  MW-8 


Sample  Collection 
Time 

Depth  to 
Groundwater  (ft) 

Depth  to  LNAPL  (ft) 

LNAPL  Thickness 
(ft) 

Initial  Reading 
11/11/96-1432 

16.45 

15.55 

0.90 

11/11/96-1545 

15.83 

15.76 

0.07 

11/11/96-1545.5 

15.83 

15.74 

0.09 

11/11/96-1546 

15.83 

15.74 

0.09 

11/11/96-1546.5 

15.84 

15.74 

0.10 

11/11/96-1547 

15.84 

15.74 

0.10 

11/11/96-1548 

15.85 

15.74 

0.11 

11/11/96-1549 

15.85 

15.74 

0.11 

11/11/96-1550 

15.85 

15.75 

0.10 

11/11/96-1555 

15.88 

15.74 

0.14 

11/11/96-1615 

15.92 

15.73 

0.19 

11/11/96-1655 

15.97 

15.73 

0.24 

11/11/96-1726 

15.97 

15.73 

0.24 

11/12/96-0751 

16.37 

15.62 

0.75 
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Table  3.  Results  of  Baildown  Testing  in  Monitoring  Well  MW-9 


Sample  Collection 
Time 

Depth  to 
Groundwater  (ft) 

Depth  to  LNAPL  (ft) 

LNAPL  Thickness 
(ft) 

Initial  Reading 
11/11/96-1640 

18.29 

16.92 

1.37 

11/11/96-1648 

17.28 

17.20 

0.08 

11/11/96-1648.5 

17.30 

17.20 

0.10 

11/11/96-1649 

17.33 

17.20 

0.13 

11/11/96-1649.5 

17.33 

17.20 

0.13 

11/11/96-1650 

17.34 

17.20 

0.14 

11/11/96-1650.5 

17.34 

17.20 

0.14 

11/11/96-1651 

17.35 

17.20 

0.15 

11/11/96-1651.5 

17.36 

17.20 

0.16 

11/11/96-1652 

17.37 

17.20 

0.17 

11/11/96-1652.5 

17.37 

17.20 

0.17 

11/11/96-1658 

17.43 

17.19 

0.24 

11/11/96-1703 

17.47 

17.17 

0.30 

11/11/96-1713 

17.54 

17.16 

0.38 

11/11/96-1743 

17.67 

17.13 

0.54 

11/11/96-1813 

17.78 

17.08 

0.70 

11/12/96-0750 

18.37 

16.93 

1.44 

Table  4.  Results  of  Baildown  Testing  at  Monitoring  Well  MW-11 


Sample  Collection 
Time 

Depth  to 
Groundwater  (ft) 

Depth  to  LNAPL  (ft) 

LNAPL  Thickness 
(ft) 

Initial  Reading 
11/11/96-1432 

16.59 

15.2132.84 

1.38 

11/11/96-1504 

15.57 

15.53 

0.04 

11/11/96-1504.5 

15.61 

15.52 

0.09 

11/11/96-1505 

15.64 

15.51 

0.13 

11/11/96-1505.5 

15.65 

15.50 

0.15 

11/11/96-1506 

15.68 

15.49 

0.19 

11/11/96-1506.5 

15.69 

15.48 

0.21 

11/11/96-1507 

15.72 

15.47 

0.25 

11/11/96-1507.5 

15.73 

15.47 

0.26 

11/11/96-1508 

15.75 

15.47 

0.28 

11/11/96-1509 

15.78 

15.47 

0.31 

11/11/96-1510 

15.79 

15.47 

0.32 

11/11/96-1511 

15.80 

15.47 

0.33 

11/11/96-1512 

15.81 

15.47 

0.34 

11/11/96-1513 

15.83 

15.46 

0.37 

11/11/96-1514 

15.83 

15.46 

0.37 

11/11/96-1519 

15.85 

15.45 

0.40 

11/11/96-1524 

15.88 

15.44 

0.44 

11/11/96-1534 

15.92 

15.43 

0.49 

11/11/96-1606 

16.05 

15.43 

0.62 

11/11/96-1636 

16.13 

15.38 

0.75 

11/11/96-1730 

16.28 

15.35 

0.93 

11/11/96-1800 

16.33 

15.33 

1.00 

11/12/96-0753 

16.63 

15.25 

1.38 
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Figure  6.  LNAPL  Recovery  Versus  Time  During  Each  Pump  Test  at  Monitoring  Well 
MW-11 
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Table  5.  Pump  Test  Results  at  Monitoring  Well  MW-11 


Time  (Days) 

Recovery  Rate  (gallons/day) 

Skimmer  Pump  Test 

Bioslurper  Pump  Test 

Second  Skimmer  Pump  Test 

LNAPL 

Groundwater 

LNAPL 

Groundwater 

LNAPL 

Groundwater 

1 

0 

810 

38 

6,700 

21 

3,300 

2 

8.9 

2,200 

30 

5,200 

NA 

NA 

3 

NA 

NA 

26 

5,200 

NA 

NA 

4 

NA 

NA 

27 

5,300 

NA 

NA 

5 

NA 

NA 

39 

5,200 

NA 

NA 

Average 

4.5 

1,400 

32 

5,500 

21 

3,300 

Total  Recovery 
(gal) 

6.3 

2449.6 

156 

26,784 

19.3 

3,052 

NA  =  Not  applicable. 


4.2.2  Bioslurper  Pump  Test  Results 

4.2.2. 1  Monitoring  Well  MW-11 

Relatively  high  volumes  of  LNAPL  was  recovered  during  the  bioslurper  pump  test  (Table  5) 
(Figure  6).  Bioslurper  testing  was  conducted  for  approximately  five  days,  with  the  LNAPL  recovery 
rate  remaining  relatively  constant  throughout  testing,  with  an  average  recovery  rate  of  32  gallons/day 
(Figure  7).  A  total  of  156  gallons  of  LNAPL  and  26,784  gallons  of  groundwater  was  extracted. 

Soil-gas  concentrations  were  measured  during  the  bioslurper  test  at  monitoring  points  adjacent 
to  monitoring  well  MW-11  to  determine  if  the  vadose  zone  was  being  oxygenated  via  the  bioslurper 
action.  Oxygen  concentrations  were  influenced  at  all  monitoring  points;  however,  oxygen 
concentrations  dropped  in  all  cases,  so  that  by  the  end  of  the  bioslurper  pump  tests,  oxygen 
concentrations  ranged  from  1%  to  8%  (Table  6).  These  results  indicate  that  the  initial  concentrations 
measured  at  the  monitoring  points  may  have  been  high  due  to  oxygen  diffusion  into  the  soils  during 
monitoring  point  installation.  Once  bioslurping  was  initiated,  oxygen-deficient  soil  gas  was  pulled 
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Figure  7. 


LNAPL  Recovery  Rate  Versus  Time  During  the  Bioslurper  Pump  Test  at 
Monitoring  Well  MW-11 


Table  6.  In  Situ  Soil  Gas  Oxygen  Concentrations  During  the  Bioslurper  Pump  Test  at 
Monitoring  Well  MW- 11 


Monitoring  Point 

Oxygen  Concentrations  (%)  Versus  Time  (hours) 

0 

35.7 

47.6 

56.4 

71.3 

81.0 

97.0 

MPA-5.5 

20.0 

15.0 

13.0 

10.0 

8.0 

2.0 

2.0 

MPA-9.0 

19.5 

14.5 

0.75 

14.5 

9.5 

10.5 

8.0 

MPA-12.5 

11.0 

1.0 

0.5 

10.5 

1.5 

1.5 

1.0 

MPB-6.0 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

MPB-10.0 

16.0 

1.0 

0.25 

1.5 

1.5 

2.0 

2.0 

MPB-13.5 

1.0 

0.5 

0.25 

1.0 

1.0 

2.0 

1.0 

MPC-6.0 

15.0 

13.0 

4.5 

2.5 

9.5 

8.5 

7.0 

MPC-10.0 

16.0 

15.0 

5.0 

1.5 

10.0 

1.5 

1.0 

MPC-14.0 

10.0 

5.5 

2.0 

1.0 

1.5 

1.0 

past  these  monitoring  points,  creating  the  drop  in  oxygen  concentrations.  Based  on  the  soil-gas 
permeability  test,  where  pressure  changes  were  detected  up  to  30  ft  from  the  bioslurper  well,  it  is 
likely  that  these  areas  will  become  fully  aerated.  In  short,  a  five  day  extraction  time  frame  at  76  scfm 
is  insufficient  to  exchange  sufficient  pore  volumes  of  soil  gas  to  fully  oxygenate  the  zone  of  influence. 

4.2.2.2  Monitoring  Well  MW-9 

In  an  effort  to  determine  if  the  results  at  monitoring  well  MW- 11  were  representative  of  site 
conditions,  bioslurper  testing  was  conducted  at  monitoring  well  MW-9.  As  at  monitoring  well  MW- 
11,  the  LNAPL  recovery  rate  (49  gallons/day)  and  groundwater  production  rate  (5,400  gallons/day) 
were  similar  to  those  observed  at  monitoring  well  MW-1 1  (Table  7).  The  wellhead  vacuum  on 
monitoring  well  MW-9  (5"H20)  was  somewhat  lower  than  that  at  monitoring  well  MW-11.  Results 
at  monitoring  wells  MW-11  and  MW-9  appear  to  be  representative  of  the  site  and  indicate  that 
vacuum-enhanced  liquid  recovery  is  feasible. 
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Table  7.  Bioslurper  Pump  Test  Results  at  Monitoring  Well  MW-9 


Time  (days) 

Recovery  Rate  (gallons/day) 

LNAPL 

Groundwater 

1 

49 

5,400 

Average 

49 

5,400 

Total  Recovery  (gallons) 

49 

5,342 

4.2.3  Second  Skimmer  Pump  Test 

A  second  skimmer  pump  test  was  conducted  to  determine  if  results  from  the  initial  skimmer 
pump  test  were  representative  of  gravity-driven  recovery.  LNAPL  recovery  rates  were  significantly 
higher  than  the  initial  pump  test,  with  an  average  recovery  of  21  gallons/day.  Groundwater 
production  also  increased  to  an  average  of  3,300  gallons/day.  This  increase  in  fluid  recovery  could 
be  due  to  enhanced  mobility  due  to  the  bioslurper. 

4.2.4  Extracted  Groundwater,  LNAPL,  and  Off-Gas  Analyses 

Results  of  the  groundwater  analyses  are  shown  in  Table  8.  Contaminant  concentrations  were 
relatively  low,  with  TPH  concentrations  3.5  mg/L  and  all  BTEX  compounds  below  detection  limits. 
The  on-site  water  treatment  equipment,  consisting  of  a  filter  tank,  oil/water  separator,  and 
clarification  tanks,  resulted  in  water  effluent  that  is  considered  compatible  with  typical  sanitary  sewer 
discharge  limits. 

The  results  from  the  off-gas  analyses  are  presented  in  Table  9.  BTEX  compounds  were 
below  detection  limits,  while  small  amounts  of  chlorinated  compounds  were  detected,  although  these 
were  removed  by  the  ICE.  Given  a  vapor  flowrate  from  the  well  of  76  scfim  and  an  average  TPH 
concentration  of  22,000  ppmv  before  treatment,  initial  hydrocarbon  removal  rates  were  approximately 
960  lb/day  of  TPH.  Thus,  initially,  mass  removal  in  the  vapor  phase  is  significant.  However,  this 
short-term  test  does  not  provide  a  good  indication  of  whether  these  rates  would  be  sustained.  Higher 
vapor  mass  removal  rates  are  more  often  sustained  at  those  sites  where  liquid  product  recovery  is 
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Table  8. 


BTEX  and  TPH  Concentrations  in  Extracted  Groundwater  During  the 
Bioslurper  Pump  Test  at  Monitoring  Well  MW-11 


Parameter 

K-W-l 

TPH  (purgeable) 

3.5 

Benzene 

<0.0020 

Toluene 

<0.0020 

Ethylbenzene 

<0.0020 

Total  Xylenes 

<0.0020 

NA  =  Not  applicable. 


Table  9.  Contaminant  Concentrations  in  Off-Gas  During  the  Bioslurper  Pump  Test  at 
Monitoring  Well  MW-11 


Parameter 

Concentration  (ppmv) 

KLRPV-1 

KICEV-1 

KLRPV-2 

KICEV-2 

KICE-SP-1 

TPH  as  jet  fuel 

15,000 

760 

29,000 

1,600 

770 

Benzene 

<0.40 

<0.071 

<0.71 

<0.092 

<0.087 

Toluene 

<0.40 

<0.071 

<0.71 

<0.092 

<0.087 

Ethylbenzene 

<0.40 

<0.071 

<0.71 

<0.092 

<0.087 

Total  Xylenes 

<0.40 

<0.071 

<0.71 

<0.092 

0.10 

cis- 1 ,2-Dichloroethene 

2.6 

<0.071 

2.9 

<0.092 

<0.087 

Trichloroethene 

3.2 

<0.071 

2.7 

<0.092 

<0.087 

1 ,2,4-Trimethylbenzene 

3.0 

0.13 

mm 

0.34 

0.35 

Cyclohexane 

3.2 

<0.28 

3.9 

<0.37 

<0.35 

Heptane 

<1.6 

<0.28 

2.9 

<0.37 

<0.35 
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sustained.  After  ICE  treatment,  at  a  vapor  flowrate  of  127  scfm  and  using  an  average  TPH 
concentration  of  1,180  ppmv,  approximately  86  lb/day  TPH  was  emitted  during  the  bioslurper  pump 
test.  These  results  demonstrated  the  treatment  efficiency  of  the  ICE,  with  91  %  destruction  of  TPH. 
The  composition  of  LNAPL  is  shown  in  Table  10  in  terms  of  BTEX  concentrations. 


Table  10.  BTEX  Concentrations  in  LNAPL 


Compound 

Concentration  (mg/kg) 

Benzene 

<500 

Toluene 

<500 

Ethylbenzene 

<500 

Total  Xylenes 

<500 

4.3  Bioventing  Analyses 

4.3.1  Soil  Gas  Permeability  and  Radius  of  Influence 

The  radius  of  influence  is  calculated  by  plotting  the  log  of  the  pressure  change  at  a  specific 
monitoring  point  versus  the  distance  from  the  extraction  well.  The  radius  of  influence  is  then  defined 
as  the  distance  from  the  extraction  well  where  0. 10  inch  of  H20  can  be  measured.  Based  on  this 
definition,  a  radius  of  influence  of  28  ft  was  determined  (Figure  9). 

4.3.2  In  Situ  Respiration  Test  Results 

Results  from  the  in  situ  respiration  test  are  presented  in  Table  1 1 .  Oxygen  utilization  rates 
were  relatively  high,  ranging  from  0.83  to  1.1  %02/hr.  Biodegradation  rates  ranged  from  14  to  18 
mg/kg-day.  These  results  indicate  that  biodegradation  in  these  locations  is  significant  and  that 
bioventing  is  feasible  at  this  site. 
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Figure  8. 


Radius  of  Influence  Determination  Using  Soil  Gas  Pressure  Change  Versus 
Distance  From  Extraction  Well 


Table  11.  In  Situ  Respiration  Test  Results 


Monitoring  Point 

Oxygen  Utilization  Rate  (%/day) 

Biodegradation  Rate  (mg/kg-day) 

MPA-12.5 

0.83 

14 

MPB-13.5 

1.1 

18 

MPC-14.0 

0.98 

16 

5.0  DISCUSSION  AND  CONCLUSIONS 

The  main  objectives  of  the  field  pilot  test  at  Kelly  AFB  were  to  determine  if  LNAPL  recovery 
is  feasible  and  to  select  the  most  effective  method  of  LNAPL  recovery. 

Baildown  recovery  tests  were  conducted  at  three  monitoring  wells:  MW-8,  MW-9,  and  MW- 
11.  Baildown  recovery  tests  provide  a  qualitative  indication  of  the  presence  of  mobile,  free-phase 
LNAPL  and  recovery  potential.  Overall  the  baildown  recovery  tests  indicated  a  relatively  rapid  rate 
of  LNAPL  recovery  into  the  wells.  Short-term  baildown  recovery  resulted  in  LNAPL  thicknesses 
greater  than  or  equal  to  the  initial  apparent  thicknesses  at  monitoring  wells  MW-9  and  MW-11. 

Based  on  these  results,  pilot  testing  was  initiated  on  monitoring  well  MW-11,  with  a  short-term 
bioslurper  pump  test  also  conducted  at  monitoring  well  MW-9. 

Skimmer  pump  testing  was  conducted  at  monitoring  well  MW-11  in  a  continuous  extraction 
mode  for  40.9  hours.  Small  quantities  of  free-phase  LNAPL  were  recovered  during  the  two  days  of 
skimmer  pump  testing,  indicating  that  gravity-driven  recovery  is  minimal.  Bioslurper  testing  was 
conducted  for  five  days  with  significantly  greater  recoveries  than  during  skimmer  pumping.  The 
recovery  rate  during  the  bioslurper  pump  test  was  38  gallons/day  during  the  first  day  and  dropped  to 
26  gallons/day  by  day  3;  however,  the  recovery  rate  increased  to  39  gallons/day  by  day  5.  Vacuum 
levels  in  the  well  were  relatively  low  at  22"H20.  The  second  skimmer  pump  test  resulted  in 
significantly  greater  LNAPL  recoveries  than  observed  during  the  first  skimmer  pump  test,  with  an 
average  LNAPL  recovery  rate  of  21  gallons/day.  These  results  indicate  that  the  vacuum-enhanced 
bioslurper  mode  may  have  increased  the  LNAPL  mobility,  resulting  in  better  recovery  during 
skimmer  pumping. 
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Groundwater  production  was  relatively  high  during  skimmer  pumping  and  bioslurping,  with  a 
total  of  27,000  gallons  of  groundwater  produced.  After  the  groundwater  flowed  though  a  filter  tank 
and  oil/water  separator,  the  groundwater  was  pumped  into  an  industrial  waste  line  connected  to  the 
Base  Industrial  Wastewater  Treatment  Plant.  Contaminant  concentrations  (3.5  mg  TPH/L)  were 
compatible  with  typical  discharge  guidelines. 

In  an  effort  to  determine  if  the  results  at  monitoring  well  MW- 11  were  representative  of  site 
conditions,  bioslurper  testing  was  conducted  at  monitoring  well  MW-9.  Similar  quantities  of  free- 
phase  LNAPL  were  recovered  during  this  bioslurper  pump  test,  with  49  gallons/day  recovered.  The 
wellhead  vacuum  on  monitoring  well  MW-9  (5"H20)  and  groundwater  production  rate  (5,300 
gallons/day)  were  similar  to  those  observed  at  monitoring  well  MW-11.  Results  at  monitoring  wells 
MW- 11  and  MW-9  appear  to  be  representative  of  the  site  and  indicate  that  vacuum-enhanced  liquid 
recovery  techniques  are  feasible. 

Bioslurping  also  promotes  mass  removal  in  the  form  of  in  situ  biodegradation  via  bioventing 
and  soil-gas  extraction.  Vapor  phase  mass  removal  is  the  result  of  soil-gas  extraction  as  well  as 
volatilization  that  occurs  during  the  movement  of  LNAPL  free  product  through  the  extraction 
network.  Given  the  measured  vapor  flowrate  (76  scffn)  and  vapor  concentrations,  initial  hydrocarbon 
removal  rates  were  approximately  960  lb/day  of  TPH.  Benzene  concentrations  were  below  detection 
limits.  Thus,  initially,  mass  removal  in  the  vapor  phase  is  significant.  However,  this  short-term  test 
does  not  provide  a  good  indication  as  to  whether  these  rates  would  be  sustained.  Higher  vapor  mass 
removal  rates  are  more  often  sustained  at  those  sites  where  liquid  product  recovery  is  sustained. 

The  ICE  used  at  the  site  was  capable  of  reducing  TPH  emissions  by  91  % .  After  ICE 
treatment,  the  TPH  emissions  rate  was  reduced  to  approximately  86  lb/day.  No  benzene  was  detected 
in  the  emissions. 

The  initial  soil-gas  profiles  at  the  site  displayed  high  total  volatile  hydrocarbon  vapor 
conditions  across  the  5.5-  to  14-ft  below  ground  surface  horizons;  however,  oxygen  concentrations 
were  not  significantly  reduced  except  at  one  monitoring  point  (1  %  oxygen  at  MPB-13.5')-  Oxygen 
concentrations  at  other  monitoring  points  ranged  from  10%  to  20%.  Soil-gas  concentrations  were 
measured  during  the  bioslurper  test  at  monitoring  points  adjacent  to  monitoring  well  MW-11  to 
determine  if  the  vadose  zone  was  being  oxygenated  via  the  bioslurper  action.  Oxygen  concentrations 
were  influenced  at  all  monitoring  points;  however,  oxygen  concentrations  dropped  in  all  cases,  so  that 
by  the  end  of  the  bioslurper  pump  tests,  oxygen  concentrations  ranged  from  1%  to  8%.  These  results 
indicate  that  the  initial  concentrations  measured  at  the  monitoring  points  may  have  been  high  due  to 
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oxygen  diffusion  into  the  soils  during  monitoring  point  installation.  Once  bioslurping  was  initiated, 
oxygen-deficient  soil  gas  was  pulled  past  these  monitoring  points,  creating  the  drop  in  oxygen 
concentrations.  Based  on  the  soil-gas  permeability  test,  where  pressure  changes  were  detected  up  to 
30  ft  from  the  bioslurper  well,  it  is  likely  that  these  areas  will  become  fully  aerated.  In  short,  a  five 
day  extraction  time  frame  at  76  scfm  is  insufficient  to  exchange  sufficient  pore  volumes  of  soil  gas  to 
fully  oxygenate  the  zone  of  influence. 

In  situ  biodegradation  rates  of  14  to  20  mg/kg-day  were  measured  at  three  different  locations. 
Based  on  a  radius  of  influence  of  28  ft  and  a  hydrocarbon-impacted  soil  thickness  of  16  ft,  mass 
removal  rates  via  biodegradation  are  on  the  order  of  48  to  69  lbs  of  hydrocarbon  per  day.  Thus, 
mass  removal  rates  via  biodegradation  could  be  significant.  These  results  indicate  that  bioventing  is 
feasible  at  this  site.  Air  injection  bioventing  is  preferable  over  bioslurping  and  soil  vapor  extraction 
with  respect  to  the  elimination  of  hydrocarbon  vapor  emissions. 

In  summary,  the  on-site  testing  at  Kelly  AFB  included  the  direct  testing  of  gravity-driven  and 
vacuum-driven  LNAPL  free  product  recovery  techniques,  bioventing,  physical  sampling,  and  tests 
relevant  to  soil  vapor  extraction.  LNAPL  recovery  was  most  significant  under  vacuum-enhanced 
conditions;  therefore,  bioslurping  is  recommended  at  this  site  provided  long-term  treatment  of 
groundwater  is  economically  feasible.  Vapor  phase  mass  removal  rates  measured  during  bioslurper 
testing  may  be  the  result  of  soil  gas  removal  (i.e.,  SVE)  or  volatilization  during  liquid  entrainment. 
The  generation  of  off-gas  is  undesirable  and  sustained  rates  of  off-gas  discharge  cannot  be  estimated 
accurately  from  this  test.  The  in  situ  respiration  test  and  vadose  zone  radius  of  influence  testing 
demonstrate  that  bioventing  is  feasible  at  this  site. 
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1.0  INTRODUCTION 

The  Air  Force  Center  for  Environmental  Excellence  (AFCEE)  Technology  Transfer  Division  is 
conducting  a  nationwide  application  of  an  innovative  technology  for  free-product  recovery  and  soil 
bioremediation.  The  technology  tested  in  the  Bioslurper  Initiative  is  vacuum-enhanced  free-product 
recovery /bioremediation  (bioslurping).  The  field  test  and  evaluation  are  intended  to  demonstrate  the 
initial  feasibility  of  bioslurping  by  measuring  system  performance  in  the  field.  The  Bioslurper  Initiative 
has  been  designed  to  evaluate  the  effectiveness  of  bioslurping  as  a  light,  nonaqueous-phase  liquid 
(LNAPL)  recovery  technology  relative  to  conventional  gravity-driven  LNAPL  recovery  technologies. 
System  performance  parameters,  mainly  free-product  recovery,  will  be  determined  at  numerous  sites. 
Field  testing  will  be  performed  at  many  sites  to  determine  the  effects  of  different  organic  contaminant 
types  and  concentrations  and  different  geological  conditions  on  bioslurping  effectiveness. 

Plans  for  the  field  test  activities  are  presented  in  two  documents.  The  first  is  the  overall  Test  Plan  and 
Technical  Protocol  for  the  entire  program,  titled  Test  Plan  and  Technical  Protocol  for  Bioslurping 
(Battelle,  1995).  The  overall  Test  Plan  and  Technical  Protocol  is  supplemented  by  plans  specific  to  each 
test  site.  The  concise  site-specific  plans  communicate  vapor  and  aqueous  discharge  rates  for  complying 
with  regulatory  requirements  specific  for  the  base  to  base  personnel. 

The  overall  Test  Plan  and  Technical  Protocol  was  developed  as  a  generic  plan  for  the  Bioslurper  Initiative 
to  improve  the  accuracy  and  efficiency  of  Test  Plan  preparation  and  ensure  consistent  data  collection 
across  all  test  sites.  The  field  program  requires  installation  and  operation  of  the  bioslurping  system 
supported  by  a  wide  variety  of  site  characterization,  performance  monitoring,  and  chemical  analysis 
activities.  The  basic  methods  to  be  applied  from  site  to  site  do  not  change.  Preparation  and  review  of 
the  overall  Test  Plan  and  Technical  Protocol  allows  efficient  documentation  and  review  of  the  basic 
approach  to  the  test  program.  Peer  and  regulatory  review  were  performed  for  the  overall  Test  Plan  and 
Technical  Protocol  to  ensure  the  credibility  of  the  overall  program. 

This  letter  report  is  the  site-specific  Test  Plan  for  the  field  testing  approach  at  Kelly  Air  Force  Base 
(AFB),  Texas.  It  was  prepared  based  on  site-specific  information  received  by  Battelle  from  Kelly  AFB 
and  other  pertinent  site-specific  information  to  support  the  generic  Test  Plan  and  Technical  Protocol. 

Site-specific  information  for  Kelly  AFB  identifies  at  least  three  areas  at  Site  S-4  within  Zone  3  where  JP-4 
free  product  exists.  Maximum  product  thickness  was  measured  at  monitoring  well  Z302  beneath  the 
Union  Pacific  Railroad  (UPR)  yard  off  the  southeastern  edge  of  Kelly  AFB.  This  area  is  considered  to 


be  the  most  likely  candidate  for  the  bioslurper  field  test,  with  one  of  the  existing  recovery  wells  (RW02, 
RW03,  or  RW04)  expected  to  be  used.  If  this  area  is  found  to  be  unsuitable,  then  alternative  sites  include 
the  area  around  monitoring  well  S405,  which  is  up  gradient  of  the  underground  storage  tank  (UST)  area 
F/367,  and  the  area  northwest  of  Quintana  Road  in  the  vicinity  of  monitoring  wells  Z313  and  Z314,  using 
an  existing  recovery  well  (RW09,  RW10,  or  RW11). 

In  order  to  supplement  existing  site  characterization  data  and  bioslurper  application,  the  AFCEE/ERT  will 
mobilize  a  cone  penetrometer  equipped  with  a  laser-induced  fluorescence  sensor  (CPT-LIF).  The  CPT- 
LIF  will  provide  continuous  lithological  and  laser  induced  fluorescence  profiling.  The  laser-induced 
fluorescence  sensor  provides  useful  information  on  fuel  contaminant  distribution  based  on  the 
characteristic  fluorescence  response  of  polycyclic  aromatic  fuel  constituents  (i.e.,  napthalenes). 


2.0  SITE  DESCRIPTION 

The  information  presented  in  the  Site  Description  portion  of  this  Test  Plan  was  obtained  from  the 
document  titled,  Draft  Technical  Memorandum  for  the  Quintana  Road  Project  Site  S-4  (Prepared  for  the 
U.S.  Air  Force  Installation  Program,  Kelly  Air  Force  Base,  San  Antonio,  Texas.  Submitted  to  the 
HAZWRAP  Support  Contractor  Office,  Oak  Ridge,  Tennessee.  General  Order  Number  188-97381C, 
Task  Y-03,  Volume  I  of  II  Text,  by  NUS,  1990).  This  document  is  referenced  as  NUS  1990  in  this  Test 
Plan  text. 

Site  S-4  is  located  at  the  southeastern  edge  of  Kelly  AFB  in  Zone  3  and  extends  off  base  across  Berman 
Road  to  the  UPR  yard  and  the  Quintana  Road  residential  area  (Figure  1).  Within  Site  S-4  are  active 
(F/367)  and  abandoned  (F/371)  UST  facilities  and  their  associated  subsurface  pipelines.  Facility  F/371 
was  constructed  in  1943  and  contained  5  USTs.  These  tanks  were  used  to  store  JP-4  jet  fuel  but  were 
taken  out  of  service  in  1984  and  eventually  abandoned  in  1986.  Approximately  2,000  ft  of  underground 
piping  was  removed  from  operation  in  1982  after  pressure  tests  indicated  that  the  system  contained 
extensive  leaks  (NUS  1990). 

Subsurface  contamination  at  Site  S-4  was  documented  during  storm  drain  excavations  along  Quintana 
Road  by  the  City  of  San  Antonio  in  1985  and  1988.  A  fuel-like  substance  was  observed  floating  on 
exposed  groundwater  in  trenches  excavated  to  a  depth  of  30  ft  below  ground  surface  (bgs).  The  LNAPL 
was  subsequently  identified  as  JP-4  jet  fuel,  based  on  analyses  conducted  by  the  Texas  Water 
Commission. 

Following  the  detection  of  subsurface  free  product.  Radian  Corporation  conducted  site  surveys  under  the 
Installation  Restoration  Program  (IRP)  and  subsequent  surveys  were  preformed  by  NUS  Corporation 
under  the  Hazardous  Waste  Remedial  Actions  Program  (HAZWRAP).  During  these  activities,  site 
geological  characteristics,  groundwater  movement,  and  extent  of  subsurface  contamination  were 
investigated. 


2.1  Site  Geology 

Soil  at  Site  S-4  was  found  to  be  heterogeneous  in  nature,  containing  nonuniform  layers  of  sand,  gravel, 
silt,  and  clays.  Cross-sectional  profiles  of  the  area  were  generated  and  are  presented  in  Appendix  A 
along  with  additional  geotechnical  data.  The  site  was  characterized  as  containing  alluvial  sediment 
deposits  that  reside  on  the  eroded  surface  of  the  underlying  Navarro  clay.  Caliche  also  was  identified, 
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Figure  1.  Schematic  Diagram  Showing  Location  of  Site  S-4,  Kelly  AFB 


occurring  either  as  randomly  distributed  nodules  or  as  concentrated  layers  of  gravel-sized  nodules.  This 
complex  geological  formation  contributes  to  fluctuating  groundwater  depths,  variable  groundwater  flow 
patterns,  dry  soil  areas,  and  the  apparent  "pooling"  of  the  subsurface  LNAPL  contamination. 

2.2  Aquifer  Characteristics 

Groundwater  at  Site  S-4  occurs  at  depths  ranging  from  14  to  16  ft  bgs.  In  characterizing  the  aquifer, 
both  slug  and  pump  tests  have  been  performed  at  the  site.  Results  indicate  that  the  average  hydraulic 
conductivity  of  the  aquifer  is  1.87  x  10"2  cm/sec,  with  conductivities  ranging  from  1.32  x  10'1  cm/sec 
to  1.14  x  10"4  cm/sec  (NUS  1990).  Conductivity  measurements  at  various  wells  are  presented  in 
Appendix  B.  The  average  transmissivity  across  the  pump  test  area  was  calculated  to  be  158.2  ft2/day 
(NUS  1990). 

The  Basewide  Hydrogeologic  Assessment  (BHA)  performed  by  NUS  in  1990  indicates  that  the 
groundwater  gradient  at  Site  S-4  generally  slopes  to  the  south-southwest.  Measurements  from  the  site 
surveys  confirm  this,  but  the  gradient  is  not  uniform  (Figure  2).  At  the  center  of  Site  S-4,  the  gradient 
decreases  markedly  from  0.0042  ft/ft  north  of  Z307  to  0.0014  ft/ft  between  Z307  and  Z301  (NUS  1990). 
The  gradient  is  relatively  flat  in  the  north-south  direction  between  wells  Z337  and  UP05,  but  it  steepens 
again  south  of  Z317.  Also  noted  in  the  NUS  1990  report  was  the  identification  of  a  south-southwest 
depression,  or  "channel,"  in  the  water  table  that  crosses  Site  S-4. 

An  elevated  occurrence  of  the  Navarro  clay  has  resulted  in  a  dry  area  at  Site  S-4.  This  area  affects  the 
groundwater  flow  by  diverting  it  from  a  southerly  flow  to  a  southwesterly  direction.  The  groundwater 
gradient  and  the  Navarro-related  dry  zone  have  been  noted  for  playing  a  critical  role  in  shaping  the 
resulting  JP-4  plume. 


2.3  Site  Contamination 

Benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX)  have  been  identified  in  the  capillary  fringe  at  Site 
S-4  at  concentrations  of  407  mg/kg  with  an  average  concentration  of  100  mg/kg.  In  the  area  of  UST 
F/371,  soil  gas  measurements  for  total  volatile  hydrocarbons  are  reported  as  high  as  64,000  ppmv  with 
total  BTEX  levels  of  543  ppmv. 

The  extent  of  the  free-product  plume  at  Site  S-4,  as  of  May  1990,  is  presented  in  Figure  3.  The  shape 
of  the  plume  is  thought  to  reflect  the  heterogeneous  geology  and  the  changeable  groundwater  flow  and 
gradient.  Within  the  JP-4  plume,  three  pools  of  free  product  have  been  identified.  These  pools  are 
centered  around  wells  S405,  Z301/Z302/Z303,  and  Z313/Z314.  Free-product  thickness  data  is  presented 
in  Table  1.  During  manual  bailing,  well  Z302  along  with  UP03  and  Z313,  consistently  produced  more 
than  3  gallons  of  product  per  half  hour  of  continuous  bailing.  The  field  test  of  the  bioslurper  technology 
will  likely  intercept  one  of  these  3  identified  pools  of  free  product  at  Site  S-4.  The  preferred  area  is  that 
associated  with  wells  Z301/Z302/Z303  at  the  UPR  yard  off  the  southeastern  edge  of  Kelly  AFB,  and  the 
bioslurper  pilot  test  will  employ  one  of  the  existing  recovery  wells:  RW02,  RW03,  or  RW04  (Figure  4). 

Estimates  of  total  LNAPL  contamination  at  Site  S-4  have  also  been  made  in  the  final  report  on  the 
Quintama  Road  Project  Performance  Evaluation  Report  for  the  First  Four  Months  of  Recovery  System 
Operation  at  Site  S-4,  January  1994  (QPPE,  1994).  Based  upon  measured  fuel  thickness  and  the  areal 
extent  of  subsurface  contamination,  the  estimated  volume  of  JP-4  present  in  the  formation  across  the 
plume  area  ranges  from  150,000  to  240,000  gallons.  Only  a  portion  of  the  total  volume  will  be  impacted 
during  the  biosluiper  test. 
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Groundwater  Elevation  and  Flow  Direction  at  Site  S-4 


Product  Plume  at  Site  S-4,  Kelly  AFB 
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Figure  4.  Location  of  Recover}’  Wells  Within  Site  S-4 
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Table  1.  Measured  JP-4  Product  Thickness  at  Wells  Located  at  Site  S-4 


Well  Number 

Measured  Product  Thickness  in  Well  (ft) 

QT06 

0.50 

S405 

2.25 

UP02 

0.49 

UP03 

1.13 

UW09 

5.70* 

Z301 

1.48 

Z302 

3.33 

Z303 

2.58 

Z306 

0.42 

Z308 

1.49 

Z311 

0.03 

Z313 

3.58 

Z314 

1.12 

Z318 

0.28 

*  =  No  water  in  well. 


3.0  PROJECT  ACTIVITIES 

The  following  field  activities  are  planned  for  the  bioslurper  pilot  test  at  Kelly  AFB.  Additional  details 
about  the  activities  are  presented  in  the  Test  Plan  and  Technical  Protocol  for  Bioslurping  (Battelle,  1995). 
As  appropriate,  specific  sections  in  the  generic  Test  Plan  and  Technical  Protocol  are  referenced.  Table 
2  shows  the  schedule  of  activities  for  the  Bioslurper  Initiative  at  Kelly  AFB. 

3.1  Mobilization  to  the  Site 

After  the  site-specific  Test  Plan  is  approved,  Battelle  staff  will  mobilize  equipment.  Some  of  the 
equipment  will  be  shipped  via  air  express  to  Kelly  AFB  prior  to  staff  arrival.  The  Base  Point  of  Contact 
(POC)  will  have  been  asked  in  advance  to  find  a  suitable  holding  facility  to  receive  the  bioslurper  pilot 
test  equipment  so  that  it  will  be  easily  accessible  to  the  Battelle  staff  when  they  arrive  with  the  remainder 
of  the  equipment.  The  exact  mobilization  date  will  be  confirmed  with  the  Base  POC  as  far  in  advance 
of  fieldwork  as  is  possible.  The  Battelle  POC  will  provide  the  Base  POC  with  information  on  each 
Battelle  employee  who  will  be  on  site.  Battelle  personnel  will  be  mobilized  to  the  site  after  it  has  been 
confirmed  that  the  shipped  equipment  has  been  received  by  Kelly  AFB. 

3.2  Site  Characterization  Tests 


3.2.1  Baildown  Tests 

The  baildown  test  is  the  primary  test  for  selection  of  the  bioslurper  test  well.  Baildown  tests  will  be 
performed  at  wells  that  contain  measurable  thicknesses  of  LNAPL  (#Z301,  #Z302,  and  #Z303)  to 
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Table  2.  Schedule  of  Bioslurper  Test  Activities 


Pilot  Test  Activity 

Schedule 

Mobilization 

day  1-2 

Site  Characterization 

day  2-3 

Baildown  Tests  and  Product/Groundwater  Interface  Monitoring 

Soil-Gas  Survey  (limited) 

Slug  Tests 

Monitoring  Point  Installation  (3  MPs) 

Soil  Sampling  (TPH,  BTEX,  physical  characteristics) 

System  Installation 

day  2-3 

Test  Startup 

day  3 

Skimmer  Test  (2  days) 

day  3-4 

Bioslurper  Vacuum  Extraction  (4  days) 

day  6-9 

Soil-Gas  Permeability  Testing 

day  6 

Skimmer  Test  (continued)  (1  day) 

day  10 

In  Situ  Respiration  Test  —  air/helium  injection 

day  10 

In  Situ  Respiration  Test  —  monitoring 

day  11-16 

Drawdown  Pump  Test  (2  days) 

day  11-12 

Demobilization/Mobilization 

day  13-14 

estimate  the  LNAPL  recovery  potential.  In  most  cases,  the  well  exhibiting  the  highest  rate  of  LNAPL 
recovery  will  be  selected  for  the  bioslurper  extraction  well.  Detailed  procedures  for  the  baildown  tests 
are  provided  in  Section  5.6  of  the  generic  Test  Plan  and  Technical  Protocol. 

3.2.2  Soil-Gas  Survey  (Limited) 

A  small-scale  soil-gas  survey  will  be  conducted  to  identify  the  best  location  for  installation  of  the 
bioslurping  system  soil  gas  monitoring  points.  The  soil-gas  survey  will  be  conducted  in  areas  where 
historical  site  data  indicate  the  highest  contamination  levels.  These  areas  will  be  surveyed  to  select  the 
locations  for  installation  of  soil-gas  monitoring  points.  Soil-gas  monitoring  points  will  be  located  in  areas 
that  exhibit  the  following  soil  gas  characteristics: 

1.  Relatively  high  total  petroleum  hydrocarbon  (TPH)  concentrations  (10,000  ppm  or 
greater). 

2.  Relatively  low  oxygen  concentrations  (between  0%  and  2%). 

3.  Relatively  high  carbon  dioxide  concentrations  (depending  on  soil  type,  between 
2%  and  10%  or  greater). 

To  obtain  further  information  about  the  soil-gas  survey,  consult  Section  5.2  of  the  generic  Test  Plan  and 
Technical  Protocol. 
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3.2.3  Slug  Tests 
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Slug  tests  will  be  performed  to  determine  the  characteristics  of  the  aquifer  where  the  candidate  bioslurper 
test  well  is  located  (RW02,  RW03,  RW04).  Slug  tests  will  be  performed  using  an  in  situ  pressure 
transducer  and  a  Hermit  data  logger  to  track  pressure  (water  level)  changes  induced  by  a  polyvinyl 
chloride  capsule  (slug)  containing  a  known  volume  of  water.  Using  the  data  collected  during  the  slug 
test,  the  ability  of  the  aquifer  to  recharge  with  water  at  Site  S-4  will  be  examined.  Additional  information 
about  the  slug  test  method  can  be  found  in  Section  5.7  of  the  generic  Test  Plan  and  Technical  Protocol. 

3.2.4  Monitoring  Point  Installation 

Monitoring  points  will  be  installed  to  determine  the  radius  of  influence  of  the  bioslurper  system  in  the 
vadose  zone.  A  general  arrangement  of  the  bioslurping  well  and  monitoring  points  is  shown  in  Figure 
5. 

Upon  conclusion  of  the  initial  soil-gas  survey  and  baildown  tests,  at  least  three  soil-gas  monitoring  points 
will  be  installed  to  measure  soil-gas  changes  that  occur  during  bioslurper  operation.  These  monitoring 
points  should  be  located  in  highly  contaminated  soils  within  the  free-phase  plume  and  should  be 
positioned  to  allow  detailed  monitoring  of  the  in  situ  changes  in  soil-gas  composition  caused  by  the 
bioslurper  system.  A  schematic  diagram  of  a  typical  soil-gas  monitoring  point  is  shown  in 
Figure  6.  Information  on  monitoring  point  installation  can  be  found  in  Section  4.2.1  of  the  generic  Test 
Plan  and  Technical  Protocol. 

3.2.5  Soil  Sampling 

Soil  samples  will  be  collected  to  determine  the  physical  and  chemical  composition  of  the  soil  near  the 
bioslurper  test  site.  Soil  samples  will  be  collected  from  the  boreholes  advanced  for  monitoring  point 
installation  at  two  or  three  locations  at  the  site  chosen  for  the  bioslurper  test.  Generally,  samples  will 
be  collected  from  the  capillary  fringe  over  the  free  product. 

Soil  samples  from  each  boring  will  be  analyzed  for  particle-size  distribution,  bulk  density,  porosity, 
moisture  content,  BTEX,  and  TPH.  Section  5.5.1  of  the  generic  Test  Plan  and  Technical  Protocol  will 
be  consulted  for  information  on  the  field  measurements  and  sample  collection  procedures  for  soil 
sampling. 

3.3  Bioslurper  System  Installation  and  Operation 

3.3.1  System  Setup 

After  the  preliminary  site  characterization  has  been  completed  and  the  bioslurper  candidate  well  has  been 
selected,  the  shipped  equipment  will  be  mobilized  from  the  holding  facility  to  the  test  site,  and  the 
bioslurper  system  will  be  assembled.  Figure  7  shows  a  flow  diagram  of  the  bioslurper  process.  Figure 
8  is  a  schematic  diagram  of  a  typical  bioslurper  extraction  well  that  will  be  installed  using  an  existing 
recovery  well  at  Kelly  AFB. 

Before  the  LNAPL  recovery  tests  are  initiated,  all  relevant  baseline  field  data  will  be  collected  and 
recorded.  These  data  will  include  soil-gas  concentrations,  initial  soil-gas  pressures,  the  depth  to 
groundwater,  and  the  LNAPL  thickness.  Ambient  soil  and  all  atmospheric  conditions  (e.g.,  temperature, 
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Figure  5.  General  Bioslurper  Well  and  Monitoring  Point  Arrangement 


the  test,  as  were  all  other  relevant  data  for  the  skimmer  pump  test.  Test  data  sheets  are  provided  in 
Appendix  D. 

3.4.3  Bioslurper  Pump  Test 

3.4.3.1  Monitoring  Well  MW- 11 

Upon  completion  of  the  skimmer  pump  test,  preparations  were  made  to  begin  the  bioslurper 
pump  test  at  monitoring  well  MW-11.  The  LNAPL  and  groundwater  depth  were  measured  prior  to 
any  recovery  testing.  The  slurper  tube  was  set  at  the  LNAPL/groundwater  interface  at  a  depth  of 
approximately  15.7  ft  bgl.  The  sanitary  well  seal  was  positioned  inside  the  well,  sealing  the  wellhead 
and  allowing  the  pump  to  establish  a  vacuum  in  the  well  (Figure  5).  A  pressure  gauge  was  installed 
at  the  wellhead  to  measure  the  vacuum  inside  the  extraction  well.  The  liquid  ring  pump  was  started 
at  1119,  14  November  1996,  to  begin  the  bioslurper  pump  test.  The  test  was  initiated  approximately 
4  hr  after  the  skimmer  pump  test  and  was  operated  for  117.5  hr.  The  pump  vacuum  was 
approximately  26"Hg,  the  vapor  flowrate  from  the  well  was  approximately  72  scftn,  and  the  well 
vacuum  was  approximately  19"H20,  and  the  drop  tube  vacuum  was  approximately  19"Hg.  The 
LNAPL  and  groundwater  extraction  rates  were  monitored  throughout  the  test,  as  were  all  other 
relevant  data  for  the  bioslurper  pump  test.  The  data  sheets  are  provided  in  Appendix  D. 

An  LNAPL  sample  was  collected  at  1300,  17  November  1997,  from  the  oil/water  separator 
during  the  bioslurper  pump  test  and  was  labeled  K-LNAPL-1.  The  sample  was  sent  to  Alpha 
Analytical,  Inc.,  in  Sparks,  Nevada  for  analysis  of  BTEX. 

3.4.3.2  Monitoring  Well  MW-9 

Upon  completion  of  the  bioslurper  pump  test  at  monitoring  well  MW-11,  preparations  were 
made  to  begin  the  bioslurper  pump  test  at  monitoring  well  MW-9.  The  LNAPL  and  groundwater 
depth  were  measured  prior  to  any  recovery  testing.  The  drop  tube  was  set  at  the 
LNAPL/groundwater  interface  at  a  depth  of  17.8  ft  below  top  of  well  casing.  The  sanitary  well  seal 
was  positioned  inside  the  well,  sealing  the  wellhead  and  allowing  the  pump  to  establish  a  vacuum  in 
the  well.  A  pressure  gauge  was  installed  at  the  wellhead  to  measure  the  vacuum  inside  the  extraction 
well.  The  liquid  ring  pump  was  started  at  1308,  19  November  1996,  to  begin  the  bioslurper  pump 
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test.  The  test  was  initiated  approximately  3  hr  after  the  MW- 11  bioslurper  pump  test  and  was 
operated  for  23.9  hr.  The  pump  vacuum  was  approximately  25.5 "Hg,  the  vapor  flowrate  was 
approximately  82  scftn,  the  well  vacuum  was  approximately  5"H20,  and  the  drop  tube  vacuum  was 
approximately  19"Hg.  The  LNAPL  and  groundwater  extraction  rates  were  monitored  throughout  the 
test,  as  were  all  other  relevant  data  for  the  bioslurper  pump  test.  The  data  sheets  are  provided  in 
Appendix  D. 

3.4.4  Second  Skimmer  Pump  Test 

Upon  completion  of  the  bioslurper  pump  test  at  monitoring  well  MW-9,  preparations  were 
made  to  begin  the  second  skimmer  pump  test  at  monitoring  well  MW-11.  Prior  to  test  initiation, 
depths  to  LNAPL  and  groundwater  were  measured.  The  liquid  ring  pump  was  used  to  conduct  the 
skimmer  pump  test  with  the  wellhead  open  to  the  atmosphere.  The  drop  tube  was  held  in  position  at 

16.5  ft  below  the  top  of  the  well  casing.  The  pump  was  started  1445,  20  November  1996,  to  begin 
the  second  skimmer  pump  test.  The  test  was  operated  for  a  total  of  22  hr.  The  pump  vacuum  was 
approximately  25.5 "Hg  and  the  vapor  flowrate  from  the  well  was  approximately  83  scftn.  The 
LNAPL  and  groundwater  extraction  rates  were  monitored  throughout  the  test,  as  were  all  other 
relevant  data  for  the  skimmer  pump  test.  Test  data  sheets  are  provided  in  Appendix  D. 

3.4.5  Off-Gas  Sampling  and  Analysis 

Five  off-gas  samples  were  collected  during  the  bioslurper  pump  test  at  monitoring  well  MW- 
11.  Samples  KLRPV-1  and  KLRPV-2  were  collected  from  the  seal  tank  headspace  after 
approximately  71.5  and  102  hr  of  operation,  respectively.  Samples  KICEV-1  and  KICEV-2  were 
collected  from  the  ICE  off-gas  after  approximately  72  and  102  hr  of  operation,  respectively.  Sample 
KICEV-SP-1  was  collected  from  the  ICE  sampling  port  after  approximately  102  hr  of  operation.  The 
samples  were  collected  in  Summa®  canisters  and  sent  under  chain  of  custody  to  Air  Toxics,  Ltd.,  in 
Folsom,  California,  for  analyses  of  TPH  and  volatile  organic  compounds  (VOCs),  using  EPA  Method 
TO- 14.  Analytical  reports  are  provided  in  Appendix  E. 
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3.4.6  Groundwater  Sampling  and  Analysis 

One  groundwater  sample  was  collected  during  the  bioslurper  pump  test  at  monitoring  well 
MW- 11  and  was  labeled  K-W-l.  The  sample  was  collected  from  the  outlet  to  the  industrial  treatment 
plant  after  76.5  hr  of  operation.  The  sample  was  collected  in  a  40-mL  VOA  vial  containing 
hydrochloric  acid  (HC1)  preservative.  The  sample  was  checked  to  ensure  no  headspace  was  present 
and  was  then  shipped  on  ice  and  sent  under  chain  of  custody  to  Alpha  Analytical,  Inc.,  in  Sparks, 
Nevada  for  analyses  of  BTEX  and  TPH  (purgeable).  Analytical  reports  are  provided  in  Appendix  E. 

3.5  Bioventing  Analyses 


3.5.1  Soil  Gas  Permeability  Testing 

The  soil  gas  permeability  test  data  were  collected  during  the  bioslurper  pump  test  at 
monitoring  well  MW-11.  Before  a  vacuum  was  established  in  the  extraction  well,  the  initial  soil  gas 
pressures  at  the  three  installed  monitoring  points  were  recorded.  The  start  of  the  bioslurper  pump  test 
created  a  steep  pressure  drop  in  the  extraction  well  which  was  the  starting  point  for  the  soil  gas 
permeability  testing.  Soil  gas  pressures  were  measured  at  each  of  the  three  monitoring  points  at  all 
depths  to  track  the  rate  of  outward  propagation  of  the  pressure  drop  in  the  extraction  well.  Soil  gas 
pressure  data  were  collected  frequently  during  the  first  20  minutes  of  the  test.  The  soil  gas  pressures 
were  recorded  throughout  the  bioslurper  pump  test  to  determine  the  bioventing  radius  of  influence. 
Test  data  are  provided  in  Appendix  F. 

3.5.2  In  Situ  Respiration  Testing 

Air  was  injected  into  three  monitoring  points  for  approximately  24  hr  beginning  on  20 
November  1996.  Helium  was  not  used  due  to  a  malfunction  with  equipment.  The  setup  for  the  in 
situ  respiration  test  is  described  in  the  Test  Plan  and  Technical  Protocol  a  Field  Treatability  Test  for 
Bioventing  (Hinchee  et  al.,  1992).  A  'A-hp  diaphragm  pump  was  used  for  air  injection.  Air  was 
injected  through  monitoring  points  MPA-12.5,  MPB-13.5,  and  MPC-14.0.  After  the  air/helium 
injection  was  terminated,  soil  gas  concentrations  of  oxygen,  carbon  dioxide,  and  TPH  were  monitored 
periodically.  The  in  situ  respiration  test  was  terminated  on  22  November  1996.  Oxygen  utilization 
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3.3.6  In  Situ  Respiration  Tests 

An  in  situ  respiration  test  will  be  conducted  after  completion  of  the  bioslurper  operating  tests.  The  in 
situ  respiration  test  will  involve  injection  of  air/helium  into  selected  soil-gas  monitoring  points  followed 
by  monitoring  changes  in  concentration  of  oxygen,  carbon  dioxide,  petroleum  hydrocarbons,  and  helium 
in  soil-gas  near  the  injection  point.  Measurement  of  the  soil-gas  composition  typically  will  be  conducted 
at  2,  4,  6,  and  8  hours  and  then  every  4  to  12  hours  for  about  2  days.  Timing  of  the  tests  will  be 
adjusted  based  on  oxygen-use  rate.  If  oxygen  depletion  occurs  rapidly,  more  frequent  monitoring  will 
be  conducted.  If  oxygen  depletion  is  slow,  less  frequent  readings  will  be  acceptable.  The  oxygen 
utilization  rate  will  be  used  to  estimate  the  biodegradation  rate  at  the  site.  Further  information  on  the 
procedures  and  data  collection  for  in  situ  respiration  testing  is  given  in  Section  5.8  of  the  generic  Test 
Plan  and  Technical  Protocol. 

3.3.7  Extended  Testing 

The  AFCEE/ERT  plans  to  implement  the  option  of  extending  the  operation  of  the  bioslurper  system  for 
up  to  6  months  if  LNAPL  recovery  rates  are  promising  and  viable  long-term  vapor  and  aqueous  discharge 
requirements  have  been  established.  When  the  extended  testing  is  to  be  performed,  the  Air  Force  will 
need  to  provide  electrical  power  for  long-term  operation  of  the  bioslurper  pump.  Disposition  of  all 
generated  wastes  and  routine  operation  and  maintenance  of  the  system  will  be  the  Air  Force’s 
responsibility.  Battelle  will  provide  technical  support  during  the  extended  testing  operation. 

3.4  Demobilization 

Once  all  necessary  tests  have  been  completed  at  the  Kelly  AFB  site,  the  equipment  will  be  disassembled 
by  Battelle  staff  and  will  be  moved  back  to  the  holding  facility,  where  it  will  remain  until  its  next 
destination  is  determined.  Battelle  staff  will  receive  this  information  and  will  be  responsible  for  shipment 
of  the  equipment  to  the  next  site  before  they  leave  Kelly  AFB. 


4.0  BIOSLURPER  SYSTEM  DISCHARGE 
4.1  Vapor  Discharge  Disposition 

Battelle  expects  that  the  operation  of  the  bioslurper  test  system  at  the  Kelly  AFB  site  will  require  a  waiver 
or  a  point  source  air  release  registration  and  may  require  some  additional  permits.  Thus,  a  short-term 
(9-10  day  pumping)  waiver/exclusion  is  requested.  It  can  be  assumed  that  the  mass  of  TPH  released  to 
the  atmosphere  will  be  approximately  60  Ib/day  and  benzene  will  be  <1.0  lb/day.  This  value  is  based 
on  the  average  discharge  levels  at  two  bioslurper  test  sites  (Wright-Patterson  AFB  and  Travis  AFB)  that 
are  contaminated  with  the  same  type  of  jet  fuel  as  that  found  at  the  Kelly  AFB  site.  The  value  may  vary 
depending  on  soil-gas  contaminant  concentrations  and  the  permeability  of  the  soil.  The  data  for  the  TPH 
and  benzene  discharge  levels  at  four  previous  bioslurper  sites  are  presented  in  Table  3.  The  relatively 
high  TPH  discharge  level  at  Travis  AFB  is  partially  due  to  the  presence  of  more  permeable  soils  and  the 
resultant  higher  extraction  rate  of  vapors.  This  extraction  rate  is  the  maximum  rate  a  3-hp  pump  will 
achieve  and  will  be  much  lower  at  Kelly  AFB  due  to  the  lower  expected  permeability  of  the  soil.  The 
vapor  stream  generated  by  the  bioslurper  system  can  be  discharged  directly  to  the  atmosphere  because 
of  the  short  duration  of  the  test  and  the  expected  low  concentration  levels  of  TPH  and  benzene  in  the 
stream. 
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Table  3.  Benzene  and  TPH  Discharge  Levels  at  Previous  Bioslurper  Test  Sites 


Site 

Location 

Fuel 

Type 

Extraction 

Rate 

(scfm) 

Benzene 

(ppmv) 

TPH 

(ppmv) 

Benzene 

Discharge 

(Ib/day) 

TPH 

Discharge 

(lb/day) 

Wright- 
Patterson  AFB 

Jet  Fuel 

3 

ND 

595 

0.0 

1.0 

Bolling  AFB 
(Site  #1) 

No.  2  Fuel 
Oil 

4 

0.2 

153 

0.0003 

0.009 

Bolling  AFB 
(Site  ft 2 ) 

Gasoline 

21 

370 

70,000 

2.3 

470.1 

Travis  AFB 

Jet  Fuel 

20 

100 

10,800 

0.58 

126.4 

Andrews  AFB 

No.  2  Fuel 
Oil 

8 

16 

2,000 

0.001 

0.2 

ND  =  Not  Detected 

To  ensure  the  safety  and  regulatory  compliance  of  the  bioslurper  system,  vapor  discharge  samples  (TPH, 
02,  and  C02)  will  be  collected  periodically  throughout  the  bioslurper  pilot  test,  and  field  soil-  gas 
screening  instruments  will  be  used  to  monitor  vapor  discharge  concentration  variability.  The  volume  of 
vapor  discharge  will  be  monitored  daily  using  air  flow  instruments.  If  state  regulatory  requirements  will 
not  permit  the  expected  amount  of  organic  vapor  discharge  to  the  atmosphere,  the  Base  POC  should 
inform  AFCEE  and  Battelle  so  that  alternative  plans  can  be  made  prior  to  mobilization  to  the  site.  Table 
4  presents  information  typically  required  to  complete  an  air  release  registration  form. 


Table  4.  Air  Release  Summary  Information 


Data  Item 

Air  Release  Information 

Contractor  Point  of  Contact 

Jeff  Kittel,  (614)  424-6122 

Contractor  address 

Battelle,  505  King  Avenue,  Columbus,  OH  43201 

Estimated  total  quantity  of  petroleum  product  to  be  recovered 

TBD 

Description  of  petroleum  product  to  be  recovered 

JP-4  jet  fuel 

Planned  date  of  test  start 

TBD 

Test  duration 

9  days  (active  pumping) 

Maximum  total  quantity  of  VOC  release 

—  60  Ib/day  TPH,  -0.25  lb/day  Benzene 

Stack  height  above  ground  level 

10  ft 
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4.2  Aqueous  Influent/Effluent  Disposition 

The  flowrate  of  groundwater  pumped  by  the  bioslurper  during  the  short-term  pilot  test  will  be  less  than 
5  gpm.  In  Texas,  it  may  be  necessary  to  obtain  a  groundwater  pumping  waiver  or  registration  permit. 
If  one  is  required,  it  is  hereby  requested. 

Operation  of  the  bioslurper  system  will  generate  an  aqueous  waste  discharge  that  will  be  passed  through 
an  oil/water  separator.  The  intention  of  Battelle  staff  will  be  to  dispose  of  the  wastewater  by  discharge 
to  the  on-site  oil/water  discharge  tank  currently  in  use.  If  existing  Base  wastewater  channels  can  be  used, 
no  water  discharge  permits  will  be  required. 

4.3  Free-Product  Recovery  Disposition 

The  bioslurper  system  will  recover  free-phase  product  from  the  pilot  tests  performed  at  Kelly  AFB.  Free 
product  recovered  by  the  bioslurping  tests  will  be  turned  over  to  the  Base  for  disposal  and/or  recycling. 
Recovered  free  product  will  be  transferred  to  existing  on-site  recovery  tanks  located  within  the  base 
boundary  fence.  The  volume  of  free  product  recovered  will  not  be  known  until  the  tests  have  been 
performed.  The  maximum  recovery  rate  for  this  system  is  5  gpm,  but  the  actual  rate  of  LNAPL  recovery 
likely  will  be  much  lower. 


5.0  SCHEDULE 

The  schedule  for  the  bioslurper  fieldwork  at  Kelly  AFB  will  depend  on  approval  of  the  project  Test  Plan. 
Battelle  will  determine  a  definitive  schedule  as  soon  as  possible  after  approval  is  received.  Battelle  will 
have  two  to  three  staff  members  on  site  for  approximately  2  weeks  to  conduct  all  necessary  pilot  testing. 
At  the  conclusion  of  the  field  testing  at  Kelly  AFB,  all  staff  will  return  their  Base  passes  and  will  remove 
all  bioslurper  field  testing  equipment  from  the  Base  before  they  leave  the  site. 


6.0  PROJECT  SUPPORT  ROLES 

This  section  outlines  some  of  the  major  functions  of  personnel  from  Battelle,  Kelly  AFB,  and  AFCEE 
during  the  bioslurper  field  test. 


6.1  Battelle  Activities 

The  obligations  of  Battelle  in  the  Bioslurper  Initiative  at  Kelly  AFB  will  be  to  supply  the  staff  and 
equipment  necessary  to  perform  all  the  tests  on  the  bioslurper  system.  Battelle  also  will  provide  technical 
support  in  the  areas  of  water  and  vapor  discharge  permitting,  digging  permits,  staff  support  during  the 
extended  testing  period,  and  any  other  technical  areas  that  need  to  be  addressed. 

6.2  Kelly  AFB  Support  Activities 

To  support  the  necessary  field  tests  at  Kelly  AFB,  the  Base  must  be  able  to  provide  the  following: 

a.  Any  digging  permits  and  utility  clearances  that  need  to  be  obtained  prior  to  the 
initiation  of  the  fieldwork.  Any  underground  utilities  should  be  clearly  marked 
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to  reduce  the  chance  of  utility  damage  and/or  personal  injury  during  soil-gas 
probe  and  possible  well  installation.  Battelle  will  not  begin  field  operations 
without  these  clearances  and  permits. 

b.  The  Air  Force  will  be  responsible  for  obtaining  Base  and  site  clearance  for  the  Battelle 
staff  that  will  be  working  at  the  Base.  The  Base  POC  will  be  furnished  with  all 
necessary  information  on  each  staff  member  at  least  1  week  prior  to  field  startup. 

c.  Access  to  the  local  sanitary  sewer  must  be  furnished  so  that  Battelle  staff  can  discharge 
the  bioslurper  aqueous  effluent  directly  to  the  Base  treatment  facility. 

d.  Regulatory  approval,  if  required,  must  be  obtained  by  the  Base  POC  prior  to 
startup  of  the  bioslurper  pilot  test.  As  stated  previously,  it  is  likely  that  a  waiver 
to  allow  air  releases  or  a  point  source  air  release  registration  will  be  required  for 
emissions  of  approximately  60  lb/day  of  TPH  and  <  1 .0  lb/day  of  benzene.  The 
Base  POC  will  obtain  all  necessary  Base  permits  prior  to  mobilization  to  the  site. 

Battelle  will  provide  technical  assistance  in  preparing  regulatory  approval 
documents. 

e.  The  Base  will  be  responsible  for  the  disposition  of  all  waste  generated  from  the  pilot 
testing.  Such  waste  includes  any  soil  cuttings  generated  from  drilling,  and  all  aqueous 
wastestreams  produced  from  the  bioslurper  tests.  All  free  product  recovered  from  the 
bioslurper  operation  will  be  disposed  of  or  recycled  by  the  Base.  Battelle  will  provide 
technical  assistance  in  disposing  of  the  waste  generated  from  the  bioslurper  pilot  test. 

f.  Before  field  activities  begin,  the  Health  and  Safety  Plan  will  be  finalized  with  information 
provided  by  the  Base  POC.  Table  5  is  a  checklist  for  the  information  required  to 
complete  the  Health  and  Safety  Plan.  All  emergency  information  will  be  obtained  by  the 
Site  Health  and  Safety  office  before  operations  begin. 

6.3  AFCEE  Activities 

The  AFCEE  POC  will  act  as  a  liaison  between  Battelle  and  Kelly  AFB  staff.  The  AFCEE  POC  will 
ensure  that  all  necessary  permits  are  obtained  and  the  space  required  to  house  the  bioslurper  field 
equipment  is  found. 

The  following  is  a  listing  of  Battelle,  AFCEE,  and  Kelly  AFB  staff  who  can  be  contacted  in  cases  of 
emergency  and/or  required  technical  support  during  the  Bioslurper  Initiative  tests  at  Kelly  AFB. 


Battelle  POCs 

AFCEE  POC 
Kelly  AFB  POC 


Jeff  Kittel 
Eric  Drescher 

Patrick  Haas 

Ron  Catchings 


614-424-6122 

614-424-3088 

210-536-4314 

210-925-1812 
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Regulator  POCs 

Air: 

Bill  Brown 

210-490-3096 

Water: 

ext.  330 

UST:  TNRCC 

Table  5.  Health  and  Safety  Information  Checklist 


Emergency  Contacts 

Hospital  Emergency  Room: 

Point  of  Contact: 

Fire  Department: 

Emergency  Unit  (Ambulance): 

Security: 

Explosives  Unit: 

Community  Emergency  Response  Coordinator: 
Other: 


Name  Telephone 

Number 

925-3227 


OH  Base  117  925-5119 

925-4549 

DeskSgt.  925-6811  or  911 

Sgt.  Nieholi _  925-6811  or  911 

911  or  925-6906 


Program  Contacts  To  be  notified  in  case  of  emergency 
Air  Force:  AFCEE 

Base  Patrick  E.  Haas  210-536-4314 

Ron  Catchings  210-925-1812 

Battelle:  JeffKittel _  614-424-6122 

Eric  Drescher  614-424-3088 

Emergency  Routes 
Hospital  (Maps  attached) 

Other:  _ 


20 


APPENDIX  A 

GEOLOGICAL  CROSS-SECTIONAL  PROFILES 
AND  A  SUMMARY  OF  GEOTECHNICAL  DATA  FOR  SITE  S-4 


Figure  A-l.  Profile  Location  Map  S-4  Area  Zone  3 


CORPORATION 


Figure  A-4.  Geologic  Profiles  D-D*  and  E-E’ 
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T«bje  A-l.  Suiiunary  of  Geotechnical  Data  Quintana  Road  Project 


APPENDIX  B 


AQUIFER  CONDUCTIVITY  MEASUREMENTS 
AND  PUMP  AND  SLUG  TEST  DATA  FOR  SITE  S-4 


HYDRAULIC CONDUCTIVITY  AT  MONITORING  WELLS  IN  THE  QUINTANA  ROAD  PROJECT  AREA(a) 


Monitoring  Well/ 
Piezometer 

Hydraulic 

Conductivity 

cm/sec 

' 

Monitoring  Well/ 
Piezometer 

Hydraulic 

Conductivity 

cm/sec 

KG-03 

1.32  x  10-: 

Z31 1 

5.91  X  10-3 

00 

2.41  x  10-3 

Z312 

2.66  X  10-3 

PW01  JP-4 

9.05  x  10-3 

Z314 

7.15X10-3 

QT03 

3.08  x  10-3 

Z317 

3.84  X  10-3 

UP02 

3.09  x  10-2 

Z318 

3.38  X  10-4 

UP03<b> 

1.2  x  10*’ 

Z319 

4.35  x  10-3 

UP04 

1. 14 x  lO-* 

Z320 

9.96  x  10*3 

UPOS 

1.56  x  10-3 

Z321 

4.45  x  10-3 

UP07<e) 

9.84  x  10-6 

2322 

4.25  x  10-3 

UP08 

1.09  x  10-3 

Z323 

1.06  X  10-1 

UP10 

3. 12  x  10-3 

2325 

4.13  x  10-2 

UP11 

4.49  x  10-2 

Z330 

5.19  x  10-3 

UW01 

5.15  x  10*3 

S-4-1 

7.47  x  10*4 

UW02 

1.78  x  10-2 

S-4-2 

2.7  x  10-3 

UW03 

1.42  x  10-3 

S-4-3 

5.9  x  10-2 

UW07 

3.56  x  10-2 

5-4-4 

1.3  x  10-3 

UW10 

9. 16  x  10-2 

S-4-7 

6.50  x  1 0-4 

UW1 1 

2.72  x  10-2 

S-4-8 

1.22  x  10-2 

Z304 

1.69  X  10-2 

S-4-9 

4.02x  10*2 

Z30S 

6.59  X  10-4 

S-4-1 0 

2.13  x  10-4 

Z307 

1.49  X  10-2 

S-4-1 1 

1  26  x  10-2 

Z309 

7.46  X  10-4 

S-4-12 

1.34  x  10*' 

Note:  All  values  derived  from  aquifer  slug  tests  except  where  noted. 

(a)  Hydraulic  conductivity  was  calculated  using  the  method  of  Bouwer  and  Rice  (1976). 
(b>  Hydraulic  conductivity  determined  from  pump  test  data. 

(c)  Piezometer  installed  with  a  five  foot  PVC  screen  within  the  Navarro  clay. 


Bouwer,  H.  and  R.C.  Rice.  1976.  "A  Slug  Test  for  Determining  Hydraulic  Conductivity  of 

Unconfined  Aquifers  with  Completely  or  Partially  Penetrating  Weils."  Water  Resources 
Research,  V12C3). 


Figure  B-J.  Pump  Test  and  Slug  Test  Data  JP-4 
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ICE  OPERATIONAL  DATA 


APPENDIX  C 


SYSTEM  CHECKLIST 


Checklist  for  System  Shakedown 
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DATA  SHEETS  FROM  THE  SHORT-TERM  PILOT  TEST 


Revision  1 
Page:  47  of  86 
November  29,  1994 
DRAFT 


Baildown  Test  Record  Sheet 

Site:  i  y  A£ 3 _ 

Well  Identification:  Q<7  S' _ _ 

Well  Diameter  (OD/ID):  H  _ 

Date  at  Start  of  Test:  A/»v  ^  Sampler’s  Initials: 

Time  at  Start  of  Test:  V  i>~ 

Initial  Readings 


Depth  to 
Groundwater  (ft) 

Depth  to  LNAPL 
(ft) 

LNAPL 
Thickness  (ft) 

Total  Volume 
Bailed  (L) 

u.  v  <r 

-  S~  sr 

.  <=?  o 

2.  2z .S’ 

Test  Data 


Sample 

Collection 

Time 

Depth  to 
Groundwater 

(ft) 

Depth  to  LNAPL 

(ft) 

LNAPL 

Thickness 

(ft) 

/5"vr 

is-,  s  3 

/JT\  *7  << 

-07 

/S’VS'.S- 

/s-,n 

IS~ -7^ 

-  O  <7 

/  S’ Hi 

/5~/2  3 

1  S'.  7  H 

.  O  ^ 

is~h&.  r 

/S'.Z’H  - 

>S~.7H 

-  /o 

l  S~H~? 

/s-.?h 

IS-.7H 

.  1  O 

>S~  H’Z 

1S~ ,  2  S’ 

l£~.  7V 

.  1 1 

l£-H*t 

is.  t<r 

IS~-7H 

.  i  1 

i  S'.*  S' 

IS~.7S~ 

1 

-  /  o 

ts-s-s: 

!S~.  FF 

7V 

-  /*■/ 

U  is ' 

IS "  -7  2. 

-7  3 

-  1 

U  <rs~ 

/5".  * 7  7 

ir.73 

-  e  v 

1 7  Z.  4 

t  S'-  H  7 

IS-.  73 

,  2  y 

O  7S~I  (h/tt)  14-37  IS~.  £z_ 

Figure  9.  Typical  Baildown  Test  Record  Sheet 
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Baildown  Test  Record  Sheet 

Site:  Ke_L±l  d£3 _ 

Well  Identification:  Q°  9 _ _ 

Well  Diameter  (OD/ID):  H  _ 

Date  at  Start  of  Test:  Hf  T£  Sampler's  Initials:  C  C- 

Time  at  Start  of  Test:  _ 

Initial  Readings 


Depth  to 
Groundwater  (ft) 

Depth  to  LNAPL 
(ft) 

LNAPL 
Thickness  (ft) 

Total  Volume 
Bailed  (L) 

n  -  2.^ 

u.  ‘i  z 

/•  37 

7 

Test  Data 


Sample 

Collection 

Time 

Depth  to 
Groundwater 
(ft) 

Depth  to  LNAPL 
(ft) 

LNAPL 

Thickness 

(ft) 

z  F 

/  7.  Z  <D 

.  .OJ 

16  V  2  •  S~ 

)~7.  3o 

^7.  e  o 

.  /  O 

U 

n.  33 

/  7.  Z  O 

-  '3 

1-1 ■  3  3 

17  Zo 

-  '3 

/  6 

/  7  -  3*/ 

I'l-TLO 

-  /  7 

uro.  r 

/  7 . 

/7.  io 

.  /V 

U  S~1 

'7.  35" 

1  7-  z  o 

-  /S" 

<n  .  s~ 

/7.  36 

/7.  z  o 

-  / 

ns'z. 

/  7.3  7 

- 

J  F  s~z  .  sr 

;7.i6 

-  J*7 

)4S~’Z 

/7.  7  3 

>  7  .  f 

^  ZH 

o2> 

/7. 47 

'7.17 

.30 

Figure  9.  Typical  Baildown  Test  Record  Sheet 
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Baildown  Test  Record  Sheet 


Site:  k'gn-y  /I  Fff _ 

Well  Identification:  Oi  1 _ 

Well  Diameter  (OD/ID):  *-f  ^ _ 

Date  at  Start  of  Test:  a /ov  H  M  ^  ^  Sampler’s  Initials: 

Time  at  Start  of  Test:  j  tL  hut 


Initial  Readings 


Depth  to 
Groundwater  (ft) 

Depth  to  LNAPL 
(ft) 

LNAPL 
Thickness  (ft) 

Total  Volume 
Bailed  (L) 

U  .s'* if 

)  5".  z  i 

).  3  F  & 

Test  Data 


Sample 

Collection 

Time 

Depth  to 
Groundwater 

(ft) 

Depth  to  LNAPL 
(ft) 

LNAPL 

Thickness 

(ft) 

i  <-/ 

1  S’.  S-- 7 

/iT.  s-  3 

-  -  o  H 

!  S'OH  ,  5" 

/  / 

1  S".  C  3 

*  O  S' 

/  5"^  5" 

f  6".  /  V 

/  r  •  s"  ?. 

~  Jz 

/S’OS'.  5" 

1  S’.  S’  1 

„  /*v 

JS~0& 

iS~  ■  s~o 

„  /  F 

/  5”  &  6>  •  S~ 

/ST.  <i  V 

tS-.S  *7 

-  £.._o 

i<T0-7 

/  jT.  7  2- 

'S~.  V  S'  i 

-  z  v 

/ S~o~7  .  S' 

/r  73 

v  c 

-  i  df 

/  F. 

>  S’.'7  S' 

/ 

.  2-  ? 

/  jrc>  *=f 

!  £~  ~7  T 

JS~.  V7 

-  3  1 

;r/o 

/S-.-7  <7 

'3"; 

.  3  1 

/£“// 

/  S~‘  %  & 

-33 

Figure  9.  Typical  Baildown  Test  Record  Sheet 
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Bail  down  Test  Record  Sheet 

Site:  KlLLL  Y.  d££ _ 

Well  Identification:  CLLL-y  /'on  -hd _ 

Well  Diameter  (OD/ID): 

Date  at  Start  of  Test:  _  Sampler’s  Initials: 

Time  at  Start  of  Test:  - _ _ 


Initial  Readings 


Depth  to 
Groundwater  (ft) 

Depth  to  LNAPL 
(ft) 

LNAPL 
Thickness  (ft) 

Total  Volume 
Bailed  (L) 

Test  Data 


Sample 

Collection 

Time 

Depth  to . 
Groundwater 

(ft) 

Depth  to  LNAPL 

(ft) 

LNAPL 

Thickness 

(ft) 

J  S'.  S  / 

■  -  3  V 

/  5~/3 

)  S,  S  3 

,  3’  7 

IS/V 

/  iTW  ^ 

-  3  > 

isr/*j 

/s~.  S 'S~ 

/r.vr 

,  Vo 

/S~.  8  8 

is-,  w 

-  VY 

I5~,  -ft 

/  S'.  13 

Ho  6 

j£.  osr 

IS- :  H3 

wmmm. 

1ST.  3  % 

.  7  S~ 

l~72>z> 

/d.T-  2 

!  S', /  3  S' 

.73 

/<goo 

U.  3  3 

'S'.  3  3 

O  o 

WBBBMBi 

U,  £  3 

/  S~ .  2.  S 

1 ' 3  7 

Figure  9.  Typical  Baildown  Test  Record  Sheet 


Bioslurping  Pilot  Test 
(Data  Sheet  3B) 

Fuel  and  Water  Recovery  Data 
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Site:  Kelly  AFB 


Test  Type:  Initial  Skimmer  Well  MW-11 


Start  Date  and  Time:  11/12/96  1430 


Operators:  Coonfare  and  Serpa 


Bioslurping  Pilot  Test 
(Data  Sheet  3B) 

Fuel  and  Water  Recovery  Data 
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Site:  Kelly  AFB  Test  Type:  Biosluroer  Well  MW-1 1 

State  Date  and  Time:  11/14/96  1119  Operators:  Coonfare/Serpa 


Date/Time 

Run 

Time 

LNAPL  Recovery 
(volume  collected  in  time  period) 

Groundwater  Recovery 
(volume  collected  in  time  period) 

11/14/96  1147 

0.47 

System  shutdown 

11/14/97  1338 

0.47 

Restart  system 

11/14/96  1410 

1 

sheen 

651.6 

11/14/96  1600 

2.83 

6.1 

458 

11/14/96  2045 

7.58 

7.4 

1187 

11/15/96  0740 

18.5 

15.7 

2629 

11/15/96  1315 

24.1 

9.0 

1284 

11/15/96  2015 

31.1 

9.4 

1610 

11/16/96  0740 

42.5 

14.0 

2637 

11/16/96  1345 

48.5 

7.5 

1347  : 

11/16/96  1930 

54.3 

7.0 

1276 

11/17/96  0740 

66.6 

13.7 

2738 

11/17/96  1400 

72.8 

5.6 

1395 

11/17/96  2015 

79.1 

9.1 

1404.4 

11/18/96  0740 

90.5 

10.8 

2428.6 

11/18/96  1400 

96.8 

System  shutdown 

11/18/96  1533 

96.8 

Restart  system 

11/18/96  1625 

97.7 

8.6 

1624 

11/18/96  2025 

101.7 

6.3 

864 

11/19/96  0730 

112.8 

5.4 

2277 

11/19/96  1215 

117.5 

20.4 

973 

Total 

156 

26,783.6 

Bioslurping  Pilot  Test 
(Data  Sheet  3B) 

Fuel  and  Water  Recovery  Data 
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Site:  Kelly  AFB  Test  Type:  Bioslurper  Well  MW-09 

State  Date  and  Time:  11/19/96  1308  Operators:  Coonfare/Serpa 


Run  LNAPL  Recovery  Groundwater  Recovery 

Date/Time  Time  (volume  collected  in  time  period)  (volume  collected  in  time  period) 

11/19/96  1500  1.9 _ 22 _ 424 _ 

11/19/96  1950  6.7 _ KXO _ U25 _ 

11/20/96  0745  18.6  _ 23d) _ 2646 _ 

11/20/96  1300  23.9  13.4  1147 


Bioslurping  Pilot  Test 
(Data  Sheet  3B) 

Fuel  and  Water  Recovery  Data 
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Site:  Kelly  AFB 


Test  Type:  Second  Skimmer  Well  MW-11 


State  Date  and  Time:  11/20/96  1445 


Operators:  Coonfare/Serpa 


Date/Time 

Run 

Time 

LNAPL  Recovery 

(volume  collected  in  time  period) 

Groundwater  Recovery 
(volume  collected  in  time  period) 

11/20/96  1930 

4.7 

4.2 

651 

11/20/96  1245 


22.0 


15.1 


2401 


Bloslurplng  Pilot  Test 
(Dal*  Sheet  1) 

Wei!  Characteristics  pagC 


Figure  11.  Typical  Record  Sheets  for  Bioslurper  Pilot  Testing 


Figure  11.  Typical  Record  Sheets  for  Bioslurper  Pilot  Testing  (Continued) 
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Bloslurping  Pilot  Test 
(Data  Sheet  2) 

Pilot  Test  Pumping  Data  Page_J_of_^ 


Site:  Keml  Y  A£& - 

Operators:  /  S££PA 

Test  Type:  S  <^gp£  K — 


Son  Date:  >  l  An.  /«?  c 
Start  Time:  ijjjj 
Well  ID:  _0_|J _ 


Depth  to  Groundwater:  l£jJ_£  Depth  to  Fuel:  '  Depth, of  Tube:  _JJZ_ 2 


Date/Time 

Rim 

Time 

Vapor  Extraction 

Pump  Stack 
Temp 

CQ 

Pump  Head 
Vacuum 
(in.  Hg) 

Extraction  Well 
Vacuum 
fm.  HjO) 

4>r-»^  73 

Stack 
Pressure 
(In.  HjO) 

Carbon 
Drums 
(in.  HjO) 

Flowrate 

(sefin) 

i  i  //yv-i  b 

idj  i  o 

1  k* 

.  /  g 

■Hi 

JT  o 

3  i.  1 

Z 

1  *7 

■iMug 

3  U 

.  )  l 

hh 

mm 
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II 

— ^ i 

1 

V.  * 

_  f  6sT 

VT 

hh 

2  7.3 

2  S'.  3" 

2.  I 

1*7, S' 

i  ?  .n 
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s-  / 
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2-S~.  S’ 
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T/ 

f 

30 . 7 
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IH 
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1  * -S’ 
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/ 

■PH 

Bum 
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i  z 
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m 
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Figure  11.  Typical  Record  Sheets  for  Bioslurper  Pilot  Testing  (Continued) 
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Stack 

Run  Pressure 

Date/Time  Time  (In.  H^O) 


Vapor  Extraction 


Carbon 
Drums 
(In.  EjO) 


Flowrate 

(scfin) 


Pump  Stack  Pump  Head  Extraction  Well 
Temp  Vacuum  Vacuum 

(*Q  (In.  Hg)  (in.  HjO) 


Fi<nrre  11.  Typical  Record  Sheets  for  Bioslurper  Pilot  Testing  (Continued) 


Blostoping  Pilot  Test 
(Data  Sheet  2) 

Pilot  Test  Pumping  Data 


Site:  Kti-tl'/  At* 

Operators:  77  £  /s EZPA 

Test  Type:  6 101  l  og  ?£  K — 

Depth  to  Ground  water  j  %±£Jl  10  Fuci:  — LILlX.^ 


I  |  Vapor  Extraction 


Page  1  of  _J 

San  Date:  1 »  /t^  /<?  & 

Son  Time:  ^  T 
Well  ID:  Qo 

Depth, of Tube:  I  V  .  g" 


Rim 

Date/Time  Time 


/.  -* 


i 2.  £ 


ev  ^ 


Stack  Carbon 

pressure  Drums 

(In.  3*0)  (IiuEjO) 


-EE 


Flowrate 

(scfm) 


5“  2- 


iT 


^*3 


3^>-  o 


z?,  S' 


3°c/^ 


Vacuum 
(In.  Hg) 


E  S^3~ 


EiT.  r 


Extraction  Well 

Dr-^l5  72 

Vacuum 

V+-<L~ 

(In*  HjO) 

s~ 

S' 

*r~ 

i  °l 

s~ 

/«? 

Figure  11.  Typical  Record  Sheets  forBioslurper  Pilot  Testing  (Continued) 
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Bloslurping  Pilot  Test 
(Bata  Sheet  2] 

Pilot  Test  Pumping  Data 


Page _ L  of _ L 


Sire:  AfJ3_ _ 

Operators:  dcoN  fa  (? t~  £ EFA 

Test  Type:  Sfsoht*  k 


San  Date:  /  (  /t-o  /*?  { 
San  Time:  /  w 

Well  ID:  Q  m 


Depth  to  Groundwater:  !  £ .-?  SI  Depth  to  Fuel:  JS  -_2j>  '  Depth, of  Tube:  /  £: £1 


Date/Time 

Rim 

Time 

Vapor  Extraction 

Pump  Suck 
Temp 

CQ 

Pump  Head 
Vacuum 
(in.  Hg) 

Extraction  Well 
Vacuum 
(in.  HjO) 

n. 

SUdc 
Pressure 
(In.  HjO) 

Carbon 
Drums 
(In.  H.O) 

Flowrate 

(scfm) 

mgggsgB 

_  -  o 

■H 

5"/ 

3^~-  o 
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Figure  11.  Typical  Record  Sheets  for  Bioslurper  Pilot  Testing  (Continued) 
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APPENDIX  E 


LABORATORY  ANALYTICAL  REPORTS 


DEC-06-96  FRI  08:39 


AIR  TOXICS  LTD 


FAX  NO,  9169851020 


P.  03 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  KLRPV-1 
ID#:  961 1209-01 A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


Compound _ 

Freon  12 
Freon  114 
Chloromethane 
Vinyl  Chloride 

Bromomethane _ 

Chloroethane 
Freon  11 

1.1- Dlchlorocthene 
Freon  113 
Methylene  Chloride 
Ll-Dlchloroethane 
cis-1 ,2-Dlchloroethene 
Chloroform 

1.1.1- Trlchloroethane 
Carbon  Tetrachloride 
Benzene 

1 .2- DlchIoroethane 
Trichloroethene 

1.2- Dichloropropane 
ci$-i  ,3-Dlchloropropene 
Toluene 

trans-1 ,3-DfchIoropropene 

l ,  1  (2-T  riehloroethane 

T  etrachloroethone 
Ethylene  Dibromide 
Chlorobenzene 
Ethyl  Benzene 

m, p-Xylene 
o*Xylene 

Styrene _ 

1.1 .2.2- Tetracbioroethane 
1 ,3,5-T  rimethylbenzene 

1 ,2,4-T  rimethylbenzene 

1 .3- Dichlorobenzene 

1.4- Dlchlorobenzene 
Chlorotoluene 

1.2- Dichlorobenzene 

1.2.4- Trichloroben2ene 
Hexachlorobutadiene 


Pet.  Limit  (ppbvl 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 


Amount  (ppbv) 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected^ 
Not  Detecied 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
2800 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
3200 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
3000 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


Page  2 


DEC-06-96  FRI  08:39 


AIR  TOXICS  LTD 


FAX  HO.  9169851020 


P.  04 


AIR  TOXICS  LTD, 

SAMPLE  NAME:  KLRFV-1 
ID#:  961 1209-01 A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


§§§ 

Del.  Limit  (ppbv) 

Compound 

Amount  foobvl 

Propylene 

1600 

Not  Detected 

1 ,3-Butadiene 

1600 

Not  Detected 

Acetone 

1600 

Not  Detected 

Carbon  DlcuJfido 

1600 

Not  Detected 

2-Propanol 

1600 

Not  Detected 

trans-1 ,2*Dlchloroethene 

1000 

Not  Detected 

Vinyl  Acetate 

1600 

Not  Detected 

Chloroprene 

1600 

Not  Detected 

2-Butanone  (Methyl  Ethyl  Ketone) 

1600 

Not  Detected 

Hexane 

1600 

.  Not  Detected 

Tetrahydrofuran 

1600 

Not  Detected 

Cyclohexane 

1600 

3200 

1,4-Dioxane 

1600 

Not  Detected 

Bromodfchloromethane 

1600 

Not  Detected 

4-Methyl-2-peritanone 

1600 

Not  Detected 

2-Hexanone 

1600 

Not  Detected 

Dibromochloromethane 

1600 

Not  Detected 

Bromoform 

1600 

Not  Detected 

4-Ethyltoluene 

1800 

Not  Detected 

Ethanol 

1600 

Not  Detected 

Methyl  tert-Butyl  Ether 

1600 

Not  Detected 

Heptane 

1600 

Not  Detected 

TPH* 

4000 

15000000 

•Total  Petroleum  Hydrocarbons  (C2  i- 

Hydrocarbons)  Referenced  to  Jet  Fuel  (MW  =» 

156). 

Q  =  Exceeds  Quality  Control  limits. 


Container  Type:  Tedlar  Bag 
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DEC-06-96  FRI  08:40 


AIR  TOXICS  LTD 


FAX  NO.  9169851020 


P.  05 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  KICEV-1 
ID#:  961 1209-02A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


Compound 

Det.  Limit  fop 

Freon  12 

71 

Freon  114 

71 

Chloromethane 

71 

Vinyl  Chloride 

71 

Bromomethane 

71 

Chloroethane 

71 

Freon  11 

71 

1,1-DIchloroothono 

71 

Freon  113 

71 

Methylene  Chloride 

71 

1,1-Dichloroethane 

71 

cis-1 ,2‘Dichloroethene 

71 

Chloroform 

71 

1,1,1-TrJchIoroethane 

71 

Carbon  Tetrachloride 

71 

Benzene 

71 

1 ,2-Dichforoethane 

71 

Trichloroethene 

71 

1,2-Dlchloropropane 

71 

cls-1 ,3-Dichloropropene 

71 

Toluene 

71 

trana-1 ,3-Dlchloropropene 

71 

1 ,1 ,2*T  richloroethane 

71 

Tetrachloroethene 

71 

Ethylene  Dibromlde 

_  71 

Chlorobenzene 

7*1 

Ethyl  Benzene 

71 

m,p-Xylene 

71 

o*Xylene 

71 

Styrene 

71 

1  ( 1 ,2^-Tetrachloroethane 

71 

1 ,3,5-T  rimethylbenzene 

71 

1 ,2,4-Trimethylbenzene 

71 

1 ,3-Dichlorobenzene 

71 

1,4-Dlchlorobenzene 

71 

Chlorotoluene 

71 

1  (2-Dlch!orobenzene 

71 

1 ,2,4-T  richiorobenzene 

71 

Hexachlorobutadieno 

71 

Amount  (ppbvl 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
130 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
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DEC-06-96  FRI  08:41 


AIR  TOXICS  LTD 


FAX  NO,  9169851020 


P.  06 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  K1CEV-I 
ID#:  961 1209-02A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


Compound 

Det.  Limit  (nobv) 

Amount  (ppbv) 

Propylene 

280 

Not  Detected 

1,3-  Butadiene 

280 

Not  Detected 

Acetone 

280 

Not  Detected 

Carbon  Disulfide 

280 

Not  Detected 

2-Propanol 

280 

Not  Detected 

trans*  1 ,2-Dlchloroethene 

280 

Not  Detected 

Vinyl  Acetate 

280 

Not  Detected 

Chloroprene 

280 

Not  Detected 

2-Butanone  (Methyl  Ethyl  Ketone) 

280 

Not  Detected 

Hexane 

280 

Not  Detected 

Tetrahydrofuran 

280 

Not  Detected 

Cyclohexane 

280 

Not  Detected 

1,4-Dloxane 

280 

Not  Detected 

Bromodichloromethane 

280 

Not  Detected 

4-Methyl-2-pentanone 

280 

Not  Detected 

2-Hexanone 

280 

Not  Detected 

Dibromochloromethane 

280 

Not  Detected 

Bromoform 

280 

Not  Detected 

4-Ethyltoluene 

280 

Not  Detected 

Ethanol 

280 

Not  Detected 

Methyl  tert-Butyl  Ether 

280 

Not  Detected 

Heptane 

280 

Not  Detected 

TPH* 

710 

760000 

•Total  Petroleum  Hydrocarbons  (C2 

+  Hydrocarbons)  Referenced  to  Jet  Fuel  (MW  =  156). 

Container  Type:  Tedlar  Bag 
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DEC-06-96  FRI  08:42 


AIR  TOXICS  LTD 


FAX  NO.  9169851020 


P.  07 


ADR  TOXICS  LTD. 

SAMPLE  NAME:  KLRPV-2 
ID#:  9611209-03A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


Compound 

Det  Limit  (ppbv) 

Amount  (ppbv) 

Freon  12 

710 

Not  Detected 

Freon  114 

710 

Not  Detected 

Chloromethane 

710 

Not  Detected 

Vinyl  Chloride 

710 

Not  Detected 

Bromomethane 

710 

Not  Detected 

Chloroethane 

710 

Not  Detected 

Freon  1 1 

710 

Not  Detected 

1,1-Dichloroethene 

710 

Not  Detected 

Freon  113 

710 

Not  Detected 

Methylene  Chloride 

710 

Not  Detected 

1,1-Dichloroethane 

710 

Not  Detected 

cls-1 ,2-Dlchtoroethene 

710 

2900 

Chloroform 

710 

Not  Detected 

1,1,1-Trichloroethane 

710 

Not  Detected 

Carbon  Tetrachloride 

710 

Not  Detected 

Benzene 

710 

Not  Detected 

1,2-Dichloroethana 

710 

Not  Detected 

Trichloroetnene 

710 

2700 

1 ,2-Dichloropropane 

710 

Not  Detected 

cis-1 ,3-Dichloropropene 

710 

Not  Detected 

Toluene 

710 

Not  Detected 

trans-1 ,3-Dichloropropene 

710 

Not  Detected 

1,1,2-Trichloroethane 

710 

Not  Detected 

TetrachJoroethene 

710 

Not  Detected 

Ethylene  Dibromid© 

710 

Not  Detected 

Chlorobenzene 

710 

Not  Detected 

Ethyl  Benzene 

710 

Not  Detected 

m,p-Xylene 

710 

Not  Detected 

o-Xylene 

710 

Not  Detected 

Styrene 

_  710 

Not  Detected 

1 , 1 ,2,2-Tetrachloroethane 

710 

Not  Detected 

1 ,3,5-Trimethylbcnzene 

710 

Not  Detected 

1 ,2,4-T  rimethylben2$ne 

710 

5400 

1 ,3-Dichlorobenzene 

710 

Not  Detected 

1,4-Dlchlorobenzene 

710 

Not  Detected 

Chlorotoluene 

710 

Not  Detected 

1 ,2-Dichlorobenzene 

710 

Not  Detected 

1 ,2,4-T  richlorobenzene 

710 

Not  Detected 

Hexachlorobutadiene 

710 

Not  Detected 

Page  6 


DEC-06-96  FRI  08:43 


AIR  TOXICS  LTD 


FAX  NO.  9169851020 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  KLRPV-2 

ID#:  961 1209-03 A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


Compound _ DbL  Limit  (ppbv) _ 

Propylene  2800 

1.3- Butadiene  2800 

Acetone  2800 

Carbon  Disulfide  2800 

2-Propanol _  2800 

trans-1,2-Dichloroethene  2800 

Vinyl  Acetate  2800 

Chloroprene  2800 

2-Sutanone  (Methyl  Ethyl  Ketone)  2800 

Hexane _ _  2800 

Tetrahvdrofuran  2800 

Cyclohexane  2800 

1.4- Dioxane  2800 

Bromodichloromethane  2800 

4-Methyj-2-pentanone _  2800 

2-Hexanone  2800 

Dibromochloromethane  2800 

Bromoform  2800 

4-Ethyltoluene  2800 

Ethanol _ _  2800 

Methyl  teit-Butyl  Ether  2800 

Heptane  2800 

TPH*  7100 

•Total  Petroleum  Hydrocarbons  (C2  +  Hydrocarbons)  Referenced  to  Jet  Fuel  (MW  =  156). 
Q  a  Exceeds  Quality  Control  limits. 


Amount  (ppbv) 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
3900 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
2900 
29000000 


Container  Type:  Tedfar  Bag 


DEC-06-96  FRI  08:44 


AIR  TOXICS  LTD 


FAX  NO.  9169851020 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  KICEV-2 
ID#:  96  U  209-04 A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


Compound _ 

Freon  12 
Freon  114 
Chloromethane 
Vinyl  Chloride 

Ejromomethane _ 

Chloroethane 
Freon  11 

1.1- Dichloroethene 
Freon  113 

Methylene  Chloride  _ 

1.1- Dichloroethane 
cis-1 ,2-Dichioroelhene 
Chloroform 

1.1.1- Trichioroethane 
Carbon  Tetrachloride 
Benzene 

1.2- Dlchloroethane 
Trichloroethene 

1.2- Dfchloropropane 
cis-1 ,3-Dlchloropropene 
Toluene 

trans- 1 ,3-DlchIoropropene 

l, 1  ,2-TrIchloroethane 
Tetrachloroethene 
Ethylene  Plbromide 
Chlorobenzene 
Ethyl  Benzene 

m, p-Xylene 
o-Xylene 

Styrene _ _ 

1 ,  t  ,2,2-Tetrachloroethane 
1 ,3.5-Trimethylbenzene 
1 ,2,4-Trimethylbenzene 

1 .3- Dichlorobenzene 

1 .4- DichIorobenz9ne _ 

Chlorotoluene 

1 ,2-Dichlorobenzene 

1 .2.4- Trichlorobenzene 
Hexachiorobutadicno 


Pet,  Limit  I 
92 


Amount  (ppbv) 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 

_ Not  Detected 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
_N?t  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
340 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
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DEC-06-96  FRI  08:45 


AIR  TOXICS  LTD 


FAX  NO.  9169851020 


P.  10 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  KICEV-2 
ID#:  961 1209-04 A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


Compound 

Det.  Limit  (opbv) 

;  Amount  (ppbv) 

Propylene 

370 

.  Not  Detected 

1,3-Butadiene 

370 

Not  Detected 

Acetone 

370 

Not  Detected 

Carbon  Disulfide 

370 

'  Not  Detected 

2-Propano( 

370 

Not  Detected 

trans-1 ,2-Dichloroethene 

370 

Not  Detected 

Vinyl  Acetate 

370 

Not  Detected 

Chloroprene 

370 

Not  Detected 

2-Butanone  (Methyl  Ethyl  Ketone) 

370 

.  Not  Detected 

Hexane 

370 

Not  Detected 

Tetrahydrofuran 

370 

Not  Detected 

Cyclohexane 

370 

Not  Detected 

1,4-Oioxane 

370 

Not  Detected 

Bromodichloromethane 

370 

Not  Detected 

4-Methyl-2-penlanone 

_  370 

Not  Detected 

2-Hexanono  ” 

370 

Not  Detected 

Dlbromochloromethane 

370 

Not  Detected 

Bromoform 

370 

Not  Detected 

4-Ethyltoluene 

370 

Not  Detected 

Ethanol 

370 

Not  Detected 

Methyl  tert-Butyl  Ether 

370 

Not  Detected 

Heptane 

370 

Not  Detected 

TPH* 

920 

1600000 

‘Total  Petroleum  Hydrocarbons  (C2 

+  Hydrocarbons)  Referenced  to  Jet  Fuef  (MW  *  156). 

Container  Type;  Tedlar  Bag 
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DEC-06-96  FRI  08:46 


AIR  TOXICS  LTD 


FAX  NO.  9169851020 


P.  11 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  KICE-SP-1 
ID#:  961 1209-05 A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


Compound 

Det  Limit 

Freon  12 

87 

Freon  114 

87 

Chloromethane 

37 

Vinyl  Chloride 

87 

Bromomethane 

87 

Chloroethana 

87 

Freon  1 1 

87 

1,1-Oichioroethene 

87 

Freon  113 

87 

Methylene  Chloride 

87 

1 ,1  -Dichloroethane 

87 

cls-1 ,2-Dichloroethene 

87 

Chloroform 

87 

1,1,1-Trlchloroethane 

87 

Carbon  Tetrachloride 

87 

Benzene 

87 

1,2-Dichloroethane 

87 

Trichloroethene 

87 

1,2-Dichloropropane 

87 

cls-1 ,3-Dlchloropropene 

87 

Toluene 

87 

trans-1 ,3-DichIoropropene 

87 

1,1,2-Trlchloroethane 

87 

Tetrachforoethene 

87 

Ethylene  Dibromlde 

_ _  87 

Chlorobenzene 

"87 

Ethyl  Benzene 

87 

m.p-Xylene 

87 

o-Xylene 

87 

Styrene 

87 

1,1,2,2-Tetrachioroeihane 

87 

1 ,3,5-T  rimethylbenzene 

87 

1 ,2,4-TrimethyIbenzene 

87 

1, 3-Dichlorobenzene 

87 

1 ,4-DIchiorobsnzene 

87 

Chlorotoluene 

87 

1 ,2-Dichlorobenzene 

87 

1 ,2,4-T  richlorgbenzene 

87 

Hoxachlorobutadlene 

87 

Amount  (ppbv) 
:  Not  Detected 
Not  Detected 
;  Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
100 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
350 

Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


* 
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FAX  NO,  9169851020 


Am  TOXICS  LTD. 

SAMPLE  NAME;  KICE-SP-1 
ID#:  96 11209-05 A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


gHHGP 


Compound 


Propylene 
1, 3-Butadiene 
Acetone 

Carbon  Disulfide 
2-Propanol 


trans-1 ,2-Dlchloroethene 
Vinyl  Acetate 
Chloroprene 

2-Butanone  (Methyl  Ethyl  Ketone) 


Totrahydrofuran 

Cyclohexane 

1,4-Dioxane 

Bromodichloromethane 

4*MethyI-2-pentanone 


2-Hexanone 

Dibromochloromethane 

Bromoform 

4-Ethy!toluene 

Ethanol _ 

Methyl  tert-Butyl  Ether 

Heptane 

TPH* 


Det.  Limit 


•Total  Petroleum  Hydrocarbons  (C2  +  Hydrocarbons)  Referenced  to  Jet  Fuel  (MW  =  ■ 


Amount 


Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
770000 


Container  Typo:  Tedlar  Bag 


mm 


HI 

lii 

SB 

■ 

lIMlIli 
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AIR  TOXICS  LTD 


FAX  NO.  9169851020 


P.13 


AIR  TOXICS  LTD. 

SAMPLE  NAMB:  Lab  Blank 


ID#:  9611209-06A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 

Amount  (ppbv) 

Compound 

Det  Limit  (ppbv) 

Freon  12 

0.50 

Not  Detected 

Freon  114 

0.50 

Not  Detected 

ChJoromethane 

0.50 

Not  Detected 

Vinyl  Chloride 

0.50 

Not  Detected 

Bromomethane 

0.50 

Not  Detected 

Chloroethane 

0.50 

Not  Detected 

Freon  1 1 

0.50 

Not  Detected 

1,1-Dichloroethen© 

0.50 

Not  Detected 

Freon  113 

0.50 

Not  Detected 

Methylene  Chloride 

0.50 

Not  Detected 

1,1-Dichloroethane 

0.50 

Not  Detected 

cia-l  ,2-Dichloroethene 

0.50 

Not  Detected 

Chloroform 

0.50 

Not  Detected 

1,1,1-TrichIoroethane 

0.50 

Not  Detected 

Carbon  Tetrachloride 

0.50 

Not  Detected 

Benzene 

0.50 

Not  Detected 

1,2-Dichloroethana 

0.50 

Not  Detected 

Trichloroethene 

.  0.50 

Not  Detected 

1,2-Dichloropropane 

0.50 

Not  Detected 

cis-1 ,3-Dichloropropene 

0.50 

Not  Detected 

Toluene 

0.50 

Not  Detected 

trans-1 ,3-DIchloropropen© 

0.50 

Not  Detected 

1 , 1 ,2-Trichloroethane 

0.50 

Not  Detected 

Tetrachloroethene 

0.50 

Not  Detected 

Ethylene  Dibromide 

0.50 

Not  Detected 

Chlorobenzene 

0.50 

Not  Detected 

Ethyl  Benzene 

0.50 

Not  Detected 

m,p-Xy!ene 

0.50 

Not  Detected 

o-Xylene 

0.50 

Not  Detected 

Styrene 

0.50 

Not  Detected 

1,1 ,2,£Tetrachloro©thane 

0.50 

Not  Delected 

1 ,3,5-Trimethylbenzene 

0.50 

Not  Delected 

1,2,4-Trimethylbenzene 

0.50 

Not  Detected 

1,3-Dichlorobenzene 

0.50 

Not  Detected 

1,4*Dichlorobenzono 

0.50 

Not  Detected 

Chlorotoluene 

0.50 

Not  Detected 

1.2-Olchlorobenzene 

0.50 

Not  Detected 

1 ,2,4-T  rlcniorobenzene 

0.50 

Not  Detected 

Hexachlorobutadlene 

0.50 

Not  Detected 
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FAX  NO,  9169851020 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  Lab  Blank 
ID#:  9611209-06A 

EPA  METHOD  TO-14  GC/MS  Full  Scan 


JBUB 


Compound  Dot.  Limit 


Propylene 
t  ,3-Butadiene 
Acetone 

Carbon  Disulfide 
2-Propanol 


tran$-1,2-DichIoroethen0 
Vinyl  Acetate 
Chloroprene 

2-Butanone  (Methyl  Ethyl  Ketone) 
Hexane 


Tetrahydrofuran 
Cyclohexane 
1,4-Dioxane 
Bromodichloro  methane 
4-Methyl-2-pentanone 


2-Hexanone 

Oibromochloromethane 

Bromoform 

4-EthyltoIuene 

Ethanol 


Methyl  tert-Butyl  Ether  2.0 

Heptane  2.0 

TPH*  5.0 

Total  Petroleum  Hydrocarbons  (C2  +  Hydrocarbons)  Referenced  to  Jet  fuel  (MW  =*  156). 


Amount 


Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 
Not  Detected 


Not  Detected 
Not  Detected 
Not  Detected 


Container  Type:  NA 


ssmmmmmsA 


Alpha  Analytical,  Inc. 

255  Glendale  Avenue,  Suite  21 

Sparks.  Nevada  S9431  e-mail:  alpha@powernet.net 

1 702 )  355-1044  http//www.powernet.net/-alpha 

FAX:  702-355-0406 
1-800-283-1183 

ANALYTICAL  REPORT 


2505  Chandler  Avenue.  Suite  1 
Las  Vegas,  Nevada  S9120 
(702)498-3312 
FAX:  702-736-7523 
1-S00-2S3-11S3 


Battelle  Job#: 

505  King  Ave  Phone:  (614)  424-6199 

Columbus  Ohio  43201  Attn:  Chris  Coonfare 

Sampled:  11/17/96  Received:  11/20/96  Analyzed:  11/26/96 

Matrix:  [  ]  Soil  [  ]  Water  [  X  ]  Other 

Analysis  Requested:  BTEX  -  Benzene, Toluene, Xylenes, Ethylbenzene 
Methodology:  BTEX  -  EPA  Method  624/8240 


Results : 


Detection 


Client  ID/ 

Concentration 

Limit 

Lab  ID 

Parameter 

mg/ Kg 

mg/ Kg 

K-LNAPL-1 

Benzene 

ND 

500 

/BMI112096-01 

Toluene 

ND 

500 

Ethylbenzene 

ND 

500 

Total  Xylenes 

ND 

500 

ND 


Not  Detected 


Approved 


Date : 


Alpha  Analytical,  Inc. 

255  Glendale  Avenue.  Suite  21 
Sparks,  Nevada  S9431 
1 702)  355-1044 
FAX:  702-355-0406 
1-800-283-1183 


e-mail:  alpha@powernet.net 
http/Avww.  powernet.net/~alpha 

ANALYTICAL  REPORT 


2505  Chandler  Avenue,  Suite  1 
Las  Vegas.  Nevada  89120 
(702)498-3312 
FAX:  702-736-7523 
1-800-283-1183 


Battelle 
505  King  Ave 
Columbus  Ohio  43201 


Job# : 

Phone:  (614)  424-6199 
Attn:  Chris  Coonfare 


Sampled:  11/17/96 
Matrix:  [  ]  Soil 


Received:  11/20/96  Analyzed:  11/26/96 

[  X  ]  Water  [  ]  Waste 


Analysis  Requested:  TPH  -  Total  Petroleum  Hydrocarbons -Purgeable 

Quantitated  As  Gasoline 
BTEX  -  Benzene, Toluene, Ethylbenzene, Xylenes 


Methodology: 


TPH  -  Modified  8015/DHS  LUFT  Manual/BLS-191 
BTEX  -  Method  624/8240 


Results : 

Client  ID/ 
Lab  ID 


Parameter 


Concentration 


Detection 

Limit 


K-W-l 

TPH  ( Purge able) 

3.5 

1.0 

mg/L 

/BMI112096-02 

Benzene 

ND 

2.0 

ug/L 

Toluene 

ND 

2.0 

ug/L 

Ethylbenzene 

ND 

2 . 0 

ug/L 

Total  Xylenes 

ND 

2.0 

ug/L 

ND  -  Not  Detected 
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WORK  ORDER#:  9611209 

Work  Order  Summary 


CLIENT: 

Ms.  Amanda  Bush 

BTTJ.  TO:  Same 

PHONE: 

Bauelle  Memorial  Institute 

505  King  Avenue 

Columbus,  OH  43201-2693 

6144244996 

INVOICE# 

FAX: 

614424-3667 

P.O.#  91221 

DATE  RECEIVED: 

11/20/9  6 

PROJECT#  G462201 

DATE  COMPLETED: 

FRACTION# 

NAME 

XE$T 

01A 

KLRPV-1 

TO- 14 

02A 

KlCEV-l 

TO- 14 

03A 

KLRPV-2 

TO- 14 

04A 

KICEV-2 

TO-14 

05A 

KICE-SP-1 

TO- 14 

06A 

Lab  Blank 

TO-14 

RECEIPT 


0  "Hg 
U"Hg 

1.5  "Hg 

2.5  "Hg 
1.0  "Hg 

NA 


PRELIMINARY 


APPENDIX  F 


SOIL  GAS  PERMEABILITY  TEST  RESULTS 


RECORD  SHEET  FOR  AIR  PERMEABILITY  TEST 


RECORD  SHEET  FOR  AIR  PERMEABILITY  TEST  DATE/TIME: 


APPENDIX  G 


IN  SITU  RESPIRATION  TEST  RESULTS 


Record  Sheet  for  In  Situ  Respiration  Test 


INSITU.RS  (G46220I-100I  DISK) 


Record  Sheet  for  In  Situ  Respiration  Test 


INSITU.RS  (G4 62201-1001  DISK) 


Record  Sheet  for  In  Situ  Respiration  Test 


INSITTJ.RS  (G46220I-I001  DISK) 


